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FOREWORD 


This document, SPS Technology Requirements and Verification is 
Volume VI of the SPS Concept Definition Study (Contract NAS8-32475) , 
Exhibits A and B, and also incorporates results of NASA/MSFC in-house 
effort. This volume includes a Supporting Research and Technology 
summary. Other volumes of the final report that provide additional 
detail are listed below. 
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KO SPS TECHNOLOGY REQUIREMENTS AND VERIFICATION 


The objective of the verification study was first to determine the key 
Issues associated with the SPS system concepts and their subsystem elements, 
and then to develop a plan that defined the most desirable steps leading 
toward resolution of these key issues at the lowest possible cost. 

The planning sequence, as shown In Figure 1.0-1, Involved several steps. 
First, the literature was reviewed to identify the areas of concern (potential 
key issues). Second, a screening process was established to determine which 



Figure 1.0-1. SPS Verification Activity 


of these areas of concern were most critical to the success of the SPS program. 
The identified areas of concern were then categorized into three levels of 
criticality. Third, a brief description of what makes each of these issues 
significant was documented. Fourth, a potential method of resolving the issues 
was developed. This included resolution of issues by analytical techniques, 
ground verification, and space verification. Fifth, the potential methods of 
resolution were integrated into a consistent technology plan and verification 
program scenario. Sixth, the definition of the test articles as described in 
the technology plans and scenarios was initiated. In some cases, where the 
SPS program would need supporting assistance from other programs such as 
extended orbiter mission, large space structure assembly support facilities. 
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program, then, the article would be defined. 

issue might diminish or increase, or a , identified. Nevertheless, 

that would be more economical than one herein is a valuable 

it is felt that the basic approach which Sation for the SPS 

technique that can and should be used to build a solia lounu 

verification program. 


1.1 


IDENTIFICATION OF AREAS OF CONCERN 


A review of the DOE and NASA in-house -d contracted 
Jucted to extract the identified areas o ® of gPS activities, 

studies had identified several issues cov i g oomposlte list which was 

1.2 LEVEL OF CRITICALITY 

The previously described list of Identified the SPS 

used- as a data base from which to ^ "'uide in evaluating the issues. 

program. A set of criteria was issues into one of the following 

These criteria consisted of categorizing the issues into on 

three levels of criticality; 

• Level 1 - Potential "show-stoppers" 

• Level 2 - Potential of serious impact 

• Level 3 - Potential of undesirable impact 

A Level 1 issue wan tte iLuercouirresu^^irthe 

determined or if there was a If these issues were not resolved or 

SPS program being labeled as .4f,<,„stoppers" and as a 

a work-around developed, they «ou l b discontinued. For example, 

result the SPS program would more tton Lixexy labor, etc., could not 

a rtafnfdrthrspl^rog"^^^^^ set’to the opeiational phase. 

significantly higher than '“f of tL sltellite cost is 

to the SPS program since a significant portion 

attributed to the cost of solar cells. 

. Level 3 issue was ^^flned as 
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Table 1.1-1. Candidate Areas of Concern 


I 

OJ 


PHASE CONTROL 
DC-RF CONVERTERS 
WAVEGUIDES 

SHUTDOWN/START-UP OF MW ANTENNA 
ANTENNA POINTING AND CONTROL 
SATELLITE POINTING AND CONTROL 
POWER DISTRIBUTION SWITCHING 
POWER CONDUCTION 

POWER TRANSFER ACROSS ROTARY JOINT 
MATERIAL DEGRADATION 
RECTENNA OPERATIONS 

RECTENNA INFORMATION MANAGEMENT SYSTEMS 

RECTENNA/UTILITY INTERFACE 

RECTENNA POWER DISTRIBUTION AND CONTROL 

LOGISTICS TO LAUNCH SITE(S)/RECTENNA SITES 

LAUNCH RATES 

LAUNCH VEHICLE SIZE 

SAFETY AND CONTROL OF LAUNCH VEHICLES 

OTV PERFORMANCE 

LIGHTWEIGHT BLANKET PRODUCIBILITY {MASS, EFF. , COST) 
SATELLITE INFORMATION MANAGEMENT PROCESSING 
FAILED HARDWARE (ON SPS) DISPENSATION 
SPARES MASS 

POWER CONVERSION DEVICES LIFE/DEGRADATION/MAINTENANCE 

MICROWAVE ELEMENT LIFE/FAILURE RATES/MAINTENANCE 

RECTENNA ELEMENT LIFE/FAILURE RATES/MAINTENANCE 

ATTITUDE CONTROL AND STATION KEEP IMG THRUSTER LIFE 

OPERATIONS/MAINTENANCE COST 

REFLECTOR FILMS DEGRADATION 

DC-DC EFFICIENCY 

ASSEMBLY RATES 

CREW SIZES 

FABRICATION AND ASSEMBLY LOCATIONS 
MAN/MACHINE PRODUCTIVITY 
PRODUCTIVITY EVA REQUIREMENTS 
CREW SAFETY 
ORBITAL STAY TIME 
SPACE CONSTRUCTION PROCESSES 
SPACE MAINTENANCE PROCESSES 
OPERATIONAL COMPLEXITY 
PROPELLANT RESUPPLY IN ORBIT 
C0i:3rRUCTI0N BASE LOGISTICS 


RELIABLE FLUID CONTAINMENT 
REFLECTOR FILMS DEVELOPMENT 
REFLECTOR FILMS FLATNESS CONTROL 
HIGH-TEMPERATURE HEAT EXCHANGERS 
PHYSICAL SPACE AT GEO 
SPACE COLLISIONS 
RESOURCE LIMITS 

GEOGRAPHIC LOCATION OF RAW MATERIALS 

ENERGY BALANCES 

OIL USAGE (UUNCH VEHICLES) 

RECTENNA LAND REQUIREMENTS 
LAND USE NEAR RECTENNA 
LAUNCH SITE(S) LAND REQUIREMENTS 
RECOVERY FACILITIES (LAUNCH VEHICLES) 

LAUNCH VEHICLE REFURBISHMENT 

GSE REQUIREMENTS 

PAYLOAD PACKAGING DENSITY 

TRANSPORTATION COST TO ORBIT 

SPS ON-BOARO ENERGY STORAGE 

ON-GROUND POWER FLUCTUATIONS AND OUTAGE 

COMPETITIVE COST OF ENERGY 

CONSTRUCTION BASE TRANSFER 

FRONT-END DDTSE 

CAPITAL INVESTMENTS 

ENGINEERING AVAILABILITY 

MANUFACTUR I NG CAPAB 1 L IT I ES/DEMANDS 

TECHNOLOGY/CAPACITY 

FUTURE NASA PROGRAMS 

DEVELOPMENT PROGRAM SCHEDULE AND SCHEDULE FLEXIBILITY 
DESIGN COMPLEXITY AND PROGRAM MANAGEMENT COMPLEXITY 
I NTERNAT I ONAL EMBARGOES/CRI SES/ETC . 

SECURITY 

SPACE RADIATION LIMITS TO CREWS 
MW BEAM, ON-ORBIT MAINTENANCE PERSONNEL 
ENVIRONMENTAL EFFECTS OF LAUNCH VEHICLES 
PLASMA INTERACTIONS 
HIGH-VOLTAGE SPACE CHARGING 
INCIDENT MW RADIATION 
LEO-TO-GEO TRANSFER OF LARGE STRUCTURE 
ELECTRIC THRUSTER PERFORMANCE 
MICROWAVE BEAM DISPERSION ANALYSIS 
VOLTAGE AND CURRENT REGULATION 
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then surely work-arounds could be developed to provide the safety requirements 
without significantly impacting the program. 

These issues, as shown in Table 1.2-1, sub-divided based on considerations 
related to economic viability, technical feasibility, and environmental accept- 
ability. In the area of economic viability, three top-level considerations were 
Identified: (1) the ability to achieve cost targets, (2) the cost of other 

energy sources, and (3) the limitations of key resources (material or human). 


Table 1.2-1. Areas of Concern 


CRITICALLITV 

ECONOMIC VIADIUTV 

TeCHNtCAI. FEASIBILITY 

ENVIRONMENTAL ACCEPTABILITY 


CAPITAL investments 

PHASE CONTROL 

MICROWAVE IXPOSURE STANOAROS 

LIVfL t 

TRANSPORTATION COST TO ORBIT 

LAUNCH RATES 

MW IMPACT ON OZONE LEVELS A 

rOTINTIAL 

PRONTENO OOTse 

antenna POINTING B CONTROL 

UV RADIATION 

SHOW- 

Rf SOURCE AVAILA8»LITV 

ORBITAL assembly 

LAUNCH VEHICLE IMPACT ON OZONE 

BTor?en 

COMPETITIVE COST OF ENERaV 


LAVER 

tPACC RADIATION LIMITS TO CHEW 


LIOHTWilaHT BLANKET PRODUCIBILITV 

DC HP CONVERTERS 

PUBLIC ACCEPTANCE OP SPS 


OTV PERFonMANCt CHARACTERISTICS 

WLVEOUIDEl 

RFI 


OPiflATIONS/MAINTENANCC COST 

satellite pointino a control 

EMI 


MW ELEMENT LtFE/FAILURE RATES 

SHUTDOWN/START UP OF MW ANTENNA 

HIGH VOLTAGE SPACE CHARGING 


POWER CONVERSION DEVICES LIFE/ 

LAUNCH VEHICLE SIZE 

PLASMA INTERACTIONS 

LtVEL 2 

OEORAOATION 

SPACE MAINTENANCE PROCESSES 

LAUNCH VEHICLE NOISE & SONIC BOOMS 


ATTITUDE CONTROL A BTATIONKEEPINO 

ORBITAL TRANSFER OF LARGE SPACE 

OEOORBIT AVAILABILITY 


THRUSICn PERFORMANCE A LIFE 

STRUCTURES 

SPACE COLLISIONS 

POfENTIAL 

RECTENNA LAND REQUIREMENTS 

POWER DISTRIBUTION SWITCHINO 

ENERGY BALANCES 

tsnioui 

SYSTEMS COMPLEX ITT 

TECHMOLOOY / CAPACITY 

OTV EMISSIONS 

IMPACT 

payload PACKAOINO DENSIT V 

HIOK temperature heat EXCHANGERS 



REFLECTOR FILM DEVELOPMENT 

PROPELLANT RE -SUPPLY IN ORBIT 

ORIGINAL PA.::.; 1 : 


ON BOARD CNCRQY 8TORAOE 

RELIABLE FLUIOCONTAH^MCNT 
REFLECTOR FILMS FLATNESS CONTROL 
VOLTAOE B CURRENT REGULATION 
MICROWAVE BEAM DISPERSION ANALYSIS 

OF POOF? OTTa ’ 


ASStONMENTOF MW FREQUENCY 

CONSTRUCTION BASE LOGISTICS 

SAFETY A CONTROL OF LAUNCH VEHICLES 


LAUNCH VEHICLE RECOVCRY/REFURBISH 

POWER CONDUCTION 

ORBITAL CREW SAFETY 


ON OROUNDPOAER FLUCTUATIONS B 

TBRRESTRIAL LOQISTICS 

POLLUTANTS FROM MINING A MANUFACTURING 


STORAQf 

FUTURE NASA PROGRAMS 

terrestrial WORKERS HEALTH A SAFETY 

lEVEL J 

REFLECTOR FILMS OEORAOATION 

RECTENNA OPERATIONS 

MW EFFECT ON ECOLOGY, SOIL, WATER. 


RECTENNA ELEMENT LIFE/FAILURE RATES/ 

DEVELOPMENT PROGRAM SCHEDULE B 

AND ATMOSPHERE 

POTENTIAL 

MAINTENANCE 

FLEXIBILITY 

POLLUTANTS PROM TRANSPORTATION 

UNDCSIRADLE 

(»L USAOC (LAUNCH WEHICLESI 

rectenna/utility iNTcnr aces 

OPERATtOriS 

impact 

LAUNCH SITEIS) LAND REOUIREMCN TS 

engineering availability 

FAILED HARDWARE ION SPSI DISPENSATION 


international EMBARQOES/CniSES 

RECTENNA INFORMATION MANAQEMENT 

LAND USE NEAR RECTENNA 


OU REQUIREMENTS 

SYSTEMS 



flECURITV 

SATELLITE INFORMATION MANAGEMENT 



reusable PARTS 

PROCESSING 




M ANUF ACTURINO C APABI LI TIES/OEMANDS 



In the area of technical feasibility, the major concerns are the availa- 
bility of the required technology in the SPS time period and the ability of the 
system, subsystem, or elements to meet performance goals. Finally, the impact 
of the environment on the satellite and the ability to meet existing or poten- 
tial environmental standards was considered to be an area where issues may exist. 


Each of the issues, as identified in the previous section, was placed into 
one of these three areas; economic, technical, or environmental. For some 
issues there might be a concern from more than one viewpoint. For example, 
there are both economic and technical questions with regard to space construc- 
tion processes. However, it is believed at this time that the technical 
requirements are of potentially greater significance than the economic concerns. 
Therefore, the issue of space construction processes was considered to be pri- 
marily one of a technical nature and as a result was placed under the heading 
of technical feasibility. 
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1.3 TECHNICAL REQUIREMENTS 


The areas of concern (shown in Table 1.2~1) include each issue by topic, 
A brief statement as to what makes each of the Level 1 and Level 2 issues an 
area of concern is given in Tables 1.3-1 and 1.3-2, respectively. A more 
elaborate description of each of the Level 1 issues is given in this section. 


Table 1.3-1. Technical Requirements - Level 1 Issues 


AREA or CONCERN 

TECHNICAL REQUIREMENTS 

CAPITAL iNVEsmms 

NECESSARY CAPITAL MUST BE AVAILABLE TO FINANCE 
MATERIALS. EQUIPMENT, OPERATIONS, ETC. OP SPS, 

TRANSPORTATION COST tC ORBIT 

LAUNCH OPERATIONS AND TURNAROUND COST MUST BE MINIMIZED 
TO REDUCE SPS TRANSPORTATION COST. 

FRONT-END DDT&B 

NECESSARY CAPITAL MUST BE AVAILABLE TO FINANCE REQUIRED 
VQtIPICATION ACTIVITY AND FROfr^-ENO DEVELOPMENT 

RESOISCE LIMITS 

DEMAND FOR RESOURCES SHOULD NOT EXCEED AVAILABILITY 

COMPETITIVE COST OF 

SPS SHOULD NOT BE SIGNIFICANTLY MORE COSTLY TO 
CONSUMERS THAN OTHER AVAILABLE ENERGY SOURCES. 

PHASE CONTROL 

ABILITY TO ACHIEVE FAIL-SAFE PHASE CONTROL SUBSYSTEM 
PERFORMANCE. 

LAUNCH RATES 

MULTIPLE LAUNCHES PER DAY MUST BE ACHIEVABLE. REQUIRED 
UUNCH RATES MUST BE CREDIBLE FOR SIZE AND TYPE OF HLLV. 
LAUNCH TURNAROUND TIMES NEED TO BE MINIMUM TO REDUCE 
FLEET SIZE. 

ANTENNA POINTING AND CONTROL 

ABILITY TO ACHIEVE FAIL-SAFE HIGHLY ACCURATE POINTING 
SYSTEM PERFORMANCE. 

SPACE CONSTRUCTION PR:«CESSES 

DEVELOntENT OF TECIMIQUES TO MANUFACTURE, ASSEMBLE, ALIGN, 
INSPECT AND REPAIR URGE SPACECRAFT IN ORBIT. 

INCIDENT RADIATION 

INDUCED IONOSPHERIC, RPI, AND BIOLOGICAL EFFECTS ON OTHER 
USES MUST BE HELD TO ACCEPTABLE QUANTIFIABLE LEVELS. 


1.3,1 ECONOMIC VIABILITY - LEVEL 1 ISSUES 
Capital Investments 


original 

POOH 


One great challenge of SPS is economic. Therefore, the level of xnvest- 
ments in plant and equipment expenditures for each of the full-scale SPS s can 
be an influencing factor in economic viability of the program. Current pro- 
jections indicate a high percentage of the overall SPS cost will be needed for 
the procurement, launch, and installation of SPS satellites an groun s a ion 
This cost and phasing extends from DDT&E to IOC (Initial Operating Capability) 
and includes the replacement of capital investments over the life o t e 
program. Detail elements which make up these satellites and ground station 
costs are represented in SPS production, assembly, installation, launcWtrans- 
portation, test, and capital asset replacements. Optimized propammatic 
considerations and operational approaches will be an Important ingredient in 
the availability and source of funding for an operational SPS project. 


Transportation Cost to Orbit 

Previous studies by the NASA and industry have shown the dependence of SPS 
economic viability on achieving low space transportation costs The 
of space transportation systems in delivering cargo to geosynchronous equatorial 
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Table 1. 3-2. Technical Requirements - Level 2 Issues 


AREA OF CONC.£ft« 

TECHNICAL REQUIREMENT 

DC-RF CONVERTERS 

COP5VERTER SELECTION AND DEVELOPMENT, 30-YR MTBF HIGH-PHASE 
ST??!LITY, ACCEPTABLE NOISE LEVEL 

HIGH-VOLTAGE SPACE CVtARGUJC 

<;Oi<TBOLLED SURFACE CONDUCTIVITY REQ'D TO REDUCE DIFFERENTIAL 
SURFACE CHARGING 

LIGHTWEIGHT BLANKET 
PRODUCIBILITY 

ABILITY TO MASS PRODUCE SOLAR CELLS WHICH ARE LIGHTWEIGHT AND 
HAVE HIGH EFFICIENCY AND LOW COST 

PLASMA INTERACTIONS 

POWER LOSS AT LEO PREVENTS OPERATION ABOVE 300 TO 400 V. POWER 
LOSS AT GEO THEORETICALLY LOW, BUT VERIFICATION REQUIRED 

WAVEGUIDES 

WAVEGUIDE SELECTION AND DEVELOPMENT FOR 30-YR STABILITY IN 
ORBITAL ENVIRONMENT 

OTV PERFORMANCE 

HIGH-PERFORMANCE ORBITAL TRANSFER VEHICLE FOR THE LEO TO 
GEO TRANSFER 

SATELLITE POINTING AND 
CONTROL 

ABILITY TO POINT & CONTROL LARGE AREA/MASS POWER CONVERSION 
DEVICES 

ASSEMBLY RATES 

MINIMIZE SATELLITE ASSEMBLY TIMES BY MAXIMIZING MAN-MACHINE 
PRODUCIBILITY, DESIGNING PROCESSING FOR NEAR-CONTINUOUS 
OPERATIONS, ADDING MACHINES, AND INCREASING FACILITIES 

ENVIRONMENTAL EFFECTS 
OF LAUNCH VEHICLES 

LIMIT HLLV PARTICULATE AND GASEOUS EMISSIONS AND ACOUSTIC 
LEVELS TO EPA RECOMMENDED STANDARDS FOR REGIONS COVERED 
DURING LAUNCH 

SHUTDOWN/STARTUP OF 
MW ANTENNA 

ABILITY TO SHUT DOWN AND START UP MICROWAVE ANTENNA AS A 
RESULT OF OCCULTATION, MAINT., ETC., WITH NO DETRIMENTAL 
EFFECTS ON SYSTEM PERFORMANCE AND RELIABILITY; ABILITY TO 
MINIMIZE STARTUP TIME 

OPERATIONS/MAINTENANCE 

COST 

DETERMINATION OF OPERATIONS AND MAINTENANCE REQUIREMENTS AND ’ 
IMPACT ON USER CHARGES 

POWER TRANSFER ACROSS 
ROTARY JOINT 

ABILITY TO TRANSFER HIGH CURRENT ACROSS SLOW ROTATING INTER- 
FACE; VERY HIGH RELIABILITY REQUIRED TO OFFSET POTENTIAL 
SINGLE-POINT FAILURE 

MICROWAVE ELEMENT LIFE/ 
FAILURE RATES/MAINT, 

DEVELOPMENT OF DC-RF CONVERTERS, FILTERS, WAVEGUIDES, AND 
PHASE CONTROL SUBSYSTEM ELEMENTS FOR RELIABLE OPERATION FOR 
30 YEARS 

LAUNCH VEHICLE SIZE 

ABILITY TO DEVELOP, OPERATE, HANDLE, AND REFURBISH VERY LARGE 
VEHICLES IN SHORT TURNAROUND TIME 

SPACE MAINTENANCE PROCESSES 

DEVELOPMENT OF THE PROCESSES REQ'D FOR MAINTENANCE OF THE 
TOTAL SPS SYSTEM 

PHYSICAL SPACE AT GEO 

LIMITATIONS OF THE PHYSICAL SPACE AVAILABLE AT GEO DUE TO A 
MULTITUDE OF GEO SATELLITES AND MISSION; UNILATERAL USE OF 
THIS SPACE POSES INTERNATIONAL ISSUES 

LEO-TO-GEO TRANSFER OF 
LARGE STRUCTURES 

ABILITY TO CONTROL LARGE STRUCTURES IN LEO AND TO TRANSFER 
STRUCTURE TO GEO 

MATERIAL DEGRADATION 

ABILITY TO WITHSTAND OPERATING ENVIRONMENT— RADIATION, MICRO- 
METEOROID IMPACTS, THERMAL CYCLING, POTENTIAL OUTGASSING OF 
MATERIALS 

POWER DISTRIBUTION 
SWITCHING 

ABILITY 6 IMPACT OF SWITCHING LARGE CURRENT & VOLTAGE LEVELS 
IN SPACE 
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Table 1,3-2. Technical Requitementa - Level 2 Issues (Cent.) 


AREA OF CONCERN 

TECHNICAL REQUIREMENT 

FABRICATION AND ASSEMBLY 
LOCATION 

OPEN ISSUE OF LEO VS. GEO CONSTRUCTION LOCATION WHICH SIGNIF- 
ICANTLY IMPACTS TOTAL SYSTEM CONSTRUCTION AMD ODTSE DEVELOP- 
MENT PLANNING STRATEGY 

HIGH-TEMP HEAT EXCHANGERS 

RELIABLE OPERATION 6 FLUID CONTAINMENT OF RADIATORS, COOLERS, 
RECUPERATORS, ETC., IN ORBITAL ENVIRONMENT FOR 30-YR LIFE 

TECHNOLOGY/CAPACITY 

ADVANCEMENT OF TECHNOLOGY IN MULTI DISCIPLINE AREAS TO DESIR- 
ABLE LEVELS 

POWER CONVERSION DEVICES 
L 1 FE/DEGRADAT 1 ON/MA I NT . 

ABILITY TO WITHSTAND OPERATING ENVIRONMENT— TRAPPED RADIATION, 
SOLAR FLARE EVENTS, IMPACTS, OPERATING TEMP 6 THERMAL CYCLING; 
ABILITY TO PERFORM MAINTENANCE WHILE OPERATIONAL 

ATTITUDE CONTROL & STATION- 
KEEPING THRUSTER LIFE 

MTBF OF THRUSTERS FOR 30-YR LIFE WITH OPERATING CYCLES, 
OCCULTATIONS, ETC. 

SPACE COLLISIONS 

POLITICAL & TECHNICAL PROBLEMS ASSOCIATED WITH POTENTIAL 
COLLISIONS OF SPS AMD OTHER SATELLITES 

RECTENNA LAND REQUIREMENTS 

LOCATING 6 ACQUIRING THE NECESSARY RECTENNA LAND 

DESIGN COMPLEXITY 6 PROGRAM 
MGMT COMPLEXITY 

ABILITY TO EFFICIENTLY MONITOR G CONTROL THE DESIGN, DEVELOP- 
MENT G IMPLEMENTATION OF SUCH A LARGE COMPLEX PROGRAM 

OPERATIONAL COMPLEXITY 

COMPLEXITY OF MONITORING AND SERVICING SEVERAL LARGE LONG-LIFE 
SPACECRAFT 

ENERGY BALANCE 

COMPARISON OF ENERGY AVAILABLE FROM SPS VS. ENERGY REQUIRED 
TO BUILD AND MAINTAIN 

DC-DC EFFICIENCY 

ABILITY TO ACHIEVE HIGH-EFFICl ENCY WITH THE MICROWAVE CONVER- 
SION, TRANSMISSION AND RECEPTION SYSTEMS 

PROP. RESUPPLY IN ORBIT 

ABILITY TO SAFELY TRANSFER PROPELLANTS IN ORBIT 

P/L PACKAGING DENSITY 

SENSITIVITY OF TRANSP. COST TO PAYLOAD PACKAGING DENSITY 

MAN/MACHINE PRODUCTIVITY 

ASSIGNMENT, PRODUCTIVITY, G INTERACTION OF RESPONSIBLE TASKS 
FOR BOTH MAN AND MACHINES IN ORBIT 

SPACE RADIATION LIMITS 
TO CREW 

SPACE RAD, LIMITS TO ORBITAL PERSONNEL G THE RESULTING IMPACT 
TO CREW STAYTIME, NO, OF CREW REQ'D, TRAINING OF CREWS; FACIL- 
ITIES TO MINIMIZE RADIATION LEVELS ON CREW 

REFLECTOR FILMS 
DEVELOPMENT 

ABILITY TO ADVANCE REFLECTOR FILM DEVELOPMENT FOR LIGHTWEIGHT, 
HIGHLY REFLECTIVE, DURABLE, LARGE AREA REFLECTIONS 

GEOGRAPHIC LOCATION OF 
RAW MATERIALS 

LOCAliON (WITHIN 6 EXTERNAL TO U.S.) OF MATERIAL QUANTITIES 
NEEDED 

ELECTRIC THRUSTER 
PERFORMANCE 

SPECIFIC IMPULSE, MASSES, OPERATIONAL CHARACTERISTICS AND MTBF 
OF ELECTRIC THRUSTERS 

VOLTAGE 6 .CURRENT 
REGULATION 

REQMTS IMPOSED BY VOLTAGE G CURRENT REGULATION ON SOLAR ARRAY 
G MICROWAVE SUBSYSTEMS, AND ABILITY TO MEET REQUIREMENTS 

MW BEAM DISPERSION 
ANALYS 1 S 

ABILITY TO DEFOCUS, DISPERSE, AND SHUT DOWN THE MICROWAVE 
PWR BEAM SO AS NOT TO IMPOSE UNDESIRABLE SIDE EFFECTS 

RELIABLE FLUID 
CONTAINMENT 

ABILITY TO RELIABILITY CONTAIN LARGE VOLUMES OF FLUID IN SUCH 
SYSTEMS AS RADIATORS, PROPELLANTS, ETC., FOR LONG PERIODS OF 
OPERATION 

SPARES MASS 

POTENTIAL IMPACT ON TRANSP., STORAGE, HANDLING, ETC., OF 
LARGE MASSES OF SPARES 

REFLECTOR FILMS FLATNESS 
CONTROL 

ABILITY TO CONTROL LARGE SURFACE AREAS OF REFLECTIVE SURFACES 
SO AS TO MINIMIZE UNDESIRABLE IMPACTS SUCH AS SIZING STRUCTURE 
FOR REFLECTOR TENSIONING. NON-UNIFORM ILLUMINATION, ETC. 

SPS ON-BOARD ENERGY STORAGE 

COMM., DATA HANDL., ATTITUDE CONTROL, ETC., REQUIREMENTS 
DURING PERIODS OF OCCULTATION 

ORBITAL STAYTIME 

POTENTIAL ECONOMIC IMPACTS OF LIMITED ORBITAL STAYTIMES FOR 
ASSEMBLY AND MAINTENANCE PERSONNEL 
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orbit (GEO) c enters on the earth launch vehicle (HLLV) * Studies have clearly 
Indicated th<* need for totally reusable HLLV concepts designed for many reuses. 

In a prograw with the payload~to-orbit demands of an SPS, operations cost 
dominates the percentages that are apportioned to dollars per kilogram to 
orbit, via., upward to 85 percent. Thus, operations costs (l.e., launch, 
recovery, refurbishment, and prelaunch operations) are the key driver of space 
transportation economics. Typically, the larger the booster — and the payload — 
the lower the costs. This is true up to some reasonable size limit yet to be 
determined, The size limit may be determined by environmental considerations, 
facility size location, operational versatility, or combinations of these. 

Front-End DDT&E 

Preliminary estimates of front-end development costs for the SPS system 
indicate they may be higher than competing energy sources, but with SPS having 
lower operational costs. This high front-end development cost results from the 
heavy mass transfer- to-orbit requirements imposed by the very large size and 
weight of prototype and operational SPS which dictate relatively early develop- 
ment of large-capacity orbital delivery and transfer vehicles to reduce the 
cost per pound to LEO and GEO. A whole new industry for space construction 
must be developed including trained workers, special tools, procedures, safety 
standards, orbital living quarters, etc. The cost of stepping up production to 
meet the requirements of large prototype satellites must also be considered 
along with the cost of manufacturing large quantities of material. 

Development planning to minimize such costs in the early phases results 
in non-pro to typical test activities and implies a higher risk system verifica- 
tion program. 

Resource Limits 

Materials for manufacturing the solar arrays, except for gallium (Ga) , are 
readily available and do not constitute a large percentage of the total mater- 
ials that are mined or manufactured. There has been some concern expressed for 
the availability of Ga. However, the availability of Ga appears to be sufficient 
for the needs of SPS when utilizing the concept of a 25-ym cell or a 5-pm GaAs 
junction on an AI 2 G 3 substrate. It appears that sufficient quantities could be 
obtained from the raining or projected mining of bauxite when the AI2O3 substrate 
is used. However, in order to obtain the Ga from the bauxite, the efficiency of 
the extraction process will have to be increased from 30 /> to 80/i, and new facil- 
ities developed requiring approximately $500K to $750K of capital per metric ton 
of yearly capacity. The refining process for obtaining increased production 
efficiency has tp be developed and demonstrated. Also, the raising of capital 
to build the facilities for refining the Ga is a major economic issue. 

Resource limits could be a concern relative to the space transportation if 
a LOX/RP-fueled launch vehicle were used. This would place added demands on 
the already rapidly depleting resource (i.e., oil) since the projected usage 
rate for the space transportation system would be greater than 20 percent of 
the total world airline consumption of 1975. This resource limit is not 
expected to impact the SPS transportation system since the primary concepts 
are a LOX/LH 2 engine system and a hydrogen-fueled airbreathing engine system. 
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Competitive Source of Energy 

At the current time, there are several potential methods of producing elec- 
tricity during the time period proposed for SPS, These Include such categories 
as fossil fuel, nuclear, wind, geothermal, and ground-based solar. Within each 
of these categories there may be several options or variations. If any of these 
options are categories are to remain economically viable they must not be sig- 
nificantly more expensive than the other options, provided that the most econ- 
omical options will produce the required levels (kW-hr) of electricity, and 
be socially and environmentally acceptable. 

1.3.2 TECHNICAL FEASIBILITY - LEVEL 1 ISSUES 

Phase Control 


The Microwave Power Transmission System (MPTS) subarray phase front 
control subsystem must provide high-accuracy beam pointing and focusing of a 
high-power microwave beam in the presence of: a non-homogeneous , time-varying 

atmosphere and ionosphere; thermal deformation of the array waveguide and 
structure; and phase variation of transmission lines, converters, and phase 
shifters. Safety considerations, to limit high-power densities to acceptable 
values outside the receiving antenna area, require positive control over beam 
focusing and pointing during steady-state and transient conditions. High over- 
all efficiency requires both accurate beam pointing and proper focus. Phase 
control, being essential to beam pointing as well as focusing, must be shown to 
be reliable for power user and safety purposes. 

Launch Rates 


In terms of numbers of space launches per unit time, the demands of the 
SPS program will exceed contemporary figures by orders of magnitude. Scenarios 
indicate that multiple daily launches of HLLV’s will occur during the operational 
program. In addition, HLLV turnaround times will have to be very short in order 
to minimize fleet size and facility requirements. Thus, the requirements of 
stack-up, checkout, launch, recovery, and refurbishment Imposed by multiple 
daily launches suggest new concepts for launch operations. 

Antenna Pointing and Control 


Microwave beam defocusing and pointing errors must be prevented by a fail- 
safe, highly accurate, pointing system. Beam defocusing, if uncontrolled, could 
increase the cumulative diffuse radiation from the system. Major pointing 
errors are also clearly intolerable. However, a limited variation in beam 
pointing can be accepted by increasing the rectenna and exclusion area. For 
these reasons, it is evident that a fail-safe capability to point and control 
the microwave transmission is an essential requirement for the system’s accept- 
ability, and is, of course, planned. 

Space Construction Processes 

Due to the large size of the SPS, orbital assembly will be required. 
However, in this area there is relatively little existing data on which to 
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build. Considerable verification effort is therefore required in order to 
develop and verify the space construction processes. Even some of the basic 
tasks have yet to be defined. These Include long-term capabilities and limi“ 
tations of humans to perform EVA> and robot/teleoperator mechanisms to perform 
orbital construction tasks. The fastening and joining techniques of orbit 
asserablied structures is unknown. Other concerns include, but are not limited 
to; alignment/ adjustment procedures; materials technology; deployable versus 
orbit-fabricated structure; variations during assembly such as mass, center of 
gravity, stiffness, etc.; construction equipment development; thermal torques; 
thruster loads; docking loads; gravity-gradient torques; and integration of 
subsystems with the structure. 

1.3.3 ENVIRONMENTAL IMPACT - LEVEL 1 ISSUES 

Incident Microwave Radiation 

Microwave— Induced ionospheric effects are considered to be one of the 
major constraining key issues. Ionospheric effects are potentially of great 
significance and, hence, require an early technology program to quantify the 
impact of and to establish acceptable ionospheric changes as a result of micro- 
wave transmission. Theoretical evidence has indicated a possibility of cau|ing 
ionospheric irregularities above 23 MW/cm^, and a power density of 50 MW/ cm 
is believed to be near the threshold for ionospheric modification. Although 
this density would be localized to the center of the beam, it might gradually 
affect a wide region of the ionosphere over time. Such interactions of the 
beam with the plasma in the D, E, and F layers of the ionosphere must be 
studied to determine the potential interference on terrestrial, airborne and 
spaceborne communications, navigation, and radar systems, as well as on lower- 
altitude satellite systems. 

Another concern with the microwave beam is its potential direct effects on 
humans and biota in the ground area and airspace near the receiving facility. 
There is considerable controversy, however, over the limits that should be set 
for the allowable power density, since the effects of low-level microwave radi- 
ation is relatively unknown. 

Indirect radiation from the rectenna could also produce significant RFI. 
Reflected microwave, generated harmonics, high-frequency radiation due to dc 
power switching, etc., could potentially contribute to the problem in a wide 
spectrum of other system operating frequencies. 

The direct microwave radiation power density could be at a level poten- 
tially significant as an RFI source throughout the visible hemisphere. This 
factor could be of major importance to SPS go/no-go continuation decisions 
especially if a large number of satellites was established with cumulative 
effects. 

Attention has also been paid to the local heating of the ground and atmos- 
phere that would arise from the waste heat radiated at the rectenna. It has 
been suggested that weather patterns could be affected by both this effect and 
the direct heating of the air by the microwave beam and its reflections from 
the rectenna. However, some limited analysis Indicates that the excess heat 
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is negligible compared to that of a city, for example, and is only about one- 
tenth of that arising from coal or nuclear plants; so, except possibly in an 
area such as a desert where the ecology is particularly fragile and the weather 

perhaps particularly sensitive to local effects, little concern now seems war- 
ranted on this problem. 


1.4 RESOLUTION OP KEY ISSUES 


1.4.1 EVALUATION LOGIC 

Each of the Issues was reviewed in an attempt to determine the necessary 
s eps required for resolution of the issues. The program philosophy for issue 
resolution was categorized into three steps that include analysis, ground 
demonstration, and space verification. Since it is known that each of these 
succeeding steps becomes more costly, the philosophy was to obtain the maximum 
benefits at the lower steps. 


Each issue was studied independently, and an effort was devoted toward 
defining a top-level sequence of events that would lead toward resolution of 
that issue. Later, these issues were then integrated into a composite verifi- 
cation program. 

Some of the issues can essentially be resolved with analysis, and will not 
require ground or space verification. For example, the issue of capital invest- 
ments can be resolved by analysis. Certainly, the ground and space verification 
of components, subsystems, and systems will contribute indirectly by increasing 
confidence in the SPS program and thereby help to secure the necessary capital 
for financing materials equipment, etc. However, the direct contribution to 
resolving the issue will be accomplished through analysis. 

Other issues can be resolved by a combination of analysis and ground demon- 
stration; for example, the issue of solar cell cost can be resolved without 
going to space. On the other hand, there are some Issues which cannot be satis- 
factorily resolved without utilizing space verification. Relatively little is 
known about the orbital assembly requirements, techniques, equipment, etc., 
that will be needed for orbital assembly of the large spacecraft. There are 
several questions that cannot be satisfactorily resolved by analysis and ground 
demonstration due to the unique environment (zero gravity, low vacuum, thermal 
cycling, etc.) of space. Typical task elements for Level 1 key issue resolu- 
tion are shown in Table 1.4-1. 

The next phase was to determine how well the issue could be resolved with 
specific or identifiable items of hardware; for example, how much of the issue 
could be resolved if the sortie missions were available, or how much of the 
issue could be resolved with a 5-GW prototype SPS? 

Since a wide range of options is available, an incremental program was 
hypothesized as a first iteration in establishing the verification program. 

Figure 1,4-1 illustrates the orbital electric power requirements as a function 
of time, ranging from the 25-kW power module to a 1- to 5-GW prototype SPS. 

Since there arc several orders of magnitude difference in the end points. 
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Table 1.4-1. Typical Task Elements for Key Issue Resolution 


KEY ISSUES 

ANALYSIS 


SPACE VERIFICATION 

CAPITAL 

INVESTMENTS 

• ESTABLISH FUNDING 6 ECONOMIC FEAS. 

• IDENTIFY OPTIMUM FUNDING ARRANGEMENT 

6 ORGANIZATIONAL STRUCTURE 

• OBTAIN GOVT/UTILITY COMMITMENT AND 

INVOLVEMENT 

• IDENTIFY LEVELS OF INVESTMENT 

• FORM NATIONAL SPS ORGANIZATION 

• DETAIL ECONOMIC BENEFITS IMPACTS 

AND RESOURCES 

• OBTAIN RESOURCE ALLOCATION 

• FUND PLANTS, EQUIP., OPERATION, ETC. 

o'* 


TRANSPORTATION 
COST TO ORBIT 

• OPERATIONS, ANALYSES OF LAUNCH, 

RECOVERY, REFURB COST IN CONCERT 
WITH TRANSPORTATION SYST STUDIES 

• DEVELOP COST MODELS 



FRONT-END ODTSE 

• PREREQUISITE SYSTEM POINT DESIGN 

SELECTION 

• TECHNOLOGY ADVANCEMENT PLANNING 

• VERIF TEST ARTICLE DEFINITION 

• MASS FLOW REQMTS DEFINITION 

• EVALUATION OF GRND 6 SPACE TEST 



RESOURCE LIMITS 

• ANALYZE MASS FLOW DEMANDS 

• DEFINE RESOURCE 6 PRODUCTION LIMITS 

• CONCEPTUALIZE FACILITY REQUIREMENTS 



COMPETITIVE COST 
OF ENERGY 

• IDENTIFY CONSUMER COST OF ENERGY 

FROM SPS & AVAILABLE COMPETITIVE 
SOURCES 

• COMPARATIVE EVALUATION 



PHASE CONTROL 

• CONCEPTUAL DESIGN 

• SUBSYSTEM SELECTION 

• GRND-TO-GRND AND 
G^ND~TO-SPACl• PHASE 
CONTROL HIGK- POWER 
FEASIBILITY 

• SUBSCALE SPACE-TO- 
GRNO PHASE CONTROL 
DEMONSTRATION 

• HIGH-VOLTAGE PLASMA 
EFFECTS ASSESSED 

LAUNCH RATES 

• HLLV CONCEPT ANALYSIS STUDIES 
' SELECT HLLV CONCEPT 

• ANALYTICAL MODELS 

• LAUNCH OPERATIONS ANALYSIS 



ANTENNA POINTING 
AND CONTROL 

• CONCEPTUAL DESIGN 

• SUBSYSTEM SELECTION 

• GRND-TO-GRND & GRND- 
TO-SPACE LARGE AREA/ 
MASS CONTROL FEAS. 

• LARGE-SCALE OPN IN 
ACTUAL ENVIRONMENT 

SPACE 

CONSTRUCTION 

PROCESSES 

• STUDY OPTIONS 

• DEFINE PROCESSES 

• CONCEPTUAL DESIGNS 

• GRND TEST OF JOINT 
DESIGN, ASSY TECH- 
NIQUES, ALIGN., ETC. 

• NEUTRAL BUOYANCY 
SIMULATION 

• DEMONSTRATE 
PROCESSES IN SPACE 

* DEMONSTRATE LARGE- 
SCALE ASSEMBLY 

INCIDENT MW 
RADIATION- 
IONOSPHERIC 
EFFECTS 

• SELECTION OF POWER DENSITY LEVEL 

• SCALED IONOSPHERIC HEATING 
EFFECTS TESTED 

• GRNO-TO-GRND HIGH- 
POWER RFI TEST 
ASSESSMENT 

* HIGH-POWER D/F 
LAYER HEATING 
EFFECTS, EXPMTL DATA 

• HIGH-POWER RFI TEST 
ASSESSMENTS 

• D/F LAYER HEATING 
EFFECTS 
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Figure 1.4-1. SPS Space Verification Program Options 


several intermediate elements were added to the preliminary program scenario. 
This insertion does not imply that all are required. Rather, the purpose was 
initially to define a range of options and to later establish which would yield 
the greatest contribution at the minimum cost. For example, it is known that 
some issues cannot be completely (100%) resolved short of a 5-GW prototype; 
however, these might be 95% resolved with a 10-MW subscale SPS. In this case, 
there wruj.d be little technical advantage for implementing the larger system 
since the additional cost for the relatively small return would not be cost- 
effective. 


1.4.2 RATING METHODOLOGY 


A numerical rating was defined to show the relative contribution of each 
program element toward resolution of the issues as shown in Table 1.4-2. The 
numerical ratings range from 0 to 10, with 0 referring to no contribution 
and 10 meaning that the issue was completely resolved. The numerical rating 
shows the cumulative resolution, or how much of the issue has been resolved 
at a specific point. 

It was assumed that analysis, ground demonstration, sorties, and extended 
sortie missions with the 25-kW power module would be available and all other 
elements were considered optional. Therefore, for these first four elements, 
the individual contribution of each element is its numerical rating minus the 
numerical rating attributed to the previous element. For all program elements 
after the 25-kW power module, the individual contribution was referenced back 
from the power module. If the data had been established in the more conventional 
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Table 1,4-2. SPS Verification Activity 


AOCA 



POTENTIAL RESOLUTION | 

MnCM 

OF 

CONCERN 

ANALYSIS 

GROUND 

OEMO 

LEO 

SORTIES 

25-KW 

m 

COMPOSITE 

ANTENNA 

LEO 

30 KW SMALL 
SATELLITE 

OlAGNOSTtC 

ANTENNA 

KW-IOOOKW 
POWER MOD 

1-10 MW 
TEST ART 

lOO-SMWI 

URGE 

SCALE 

1-5 GW 
PROTO 








LEO 

GEO 

LEO 

GEO 

GEO 

LEVEL 1 
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manner, so that all parts were additive, it would imply that the issue could 
not be resolved if any element was dropped from or added to the scenario. By 
developing the data as indicated, elements could be dropped or added without 
restructuring the entire data base; yet, the contribution of any one element 
was readily available. 

As summarized in Figure 1,4-2, the preliminary conclusion reached through 
this analysis is that there is a significant probability that about 85% of the 
identified critical technical issues can be substantially resolved through the 
definition and application of a comprehensive ground testing and Shuttle 
sortie verification program. With this conclusion in mind as an overview 
guideline, definitive development planning was undertaken. 
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Figure 1.4-2, Resolution of Technical Issues 
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1.5 


TECHNOLOGY DEVELOPMENT PLAN/ SCENARIOS 


1.5.1 PLANNING OBJECTIVES AND CONSIDERATIONS 

In order to define SPS technical and programmatic options, an ERDA task 
group waresLblished in 1976, to investigate previous work 
TaJSsUon program. The task group 

recommended several program options with ® w^enta- 

and programmatic risk assumptions. The option “"fiy iX 
don although providing a guideline permitting Initiation of technology 
advancement/development in FT 1981, “tablished that prog^ati^ decl 
would be considered a high risk approach since launch vehicle and oroita p 
ational questions would not be resolved. 

Based upon this background and key 'X^tf (irsadsfrthf d^e^o" 
technology planning requir^ents were defined signSlcant resolution 

planning objectives shown xn i,] u =uccess-dependent commitment 

of critical technical issues, and (3) ^^tablish success depen^ 

decision points that would permit the achievement of the -iw y 

goal. 

Table 1.5-1. Technology Verification Planning Objectives 


FVAUtATF & STRUrniflF AW SPS TE C HNniOGY VERIFICATION/ OEMONSTRATIOW PROGR ^ 
BASFD ON THESE REQUIREMENTS 

f^MINlMIZE FRONT-ENO COSTS 
f^UTlLIZE SHUHLE CAPABILITY TO MAXIMUM 
MAXIMIZE GROUND TESTING 
REFLECT REASONABLE LEAD-TIMES 

EVOLVE DEVnnPMFNT PLANNING REQ U IREMENTS FOR THESE KEY INITIA L 
development plan elements 

/ground development / ANALYS I s 

/ ORBITAL DEVELOPMENT /demonstration 

/mass-transfer capability 

ri,.iiltir wBIfl C Tina iPiT FACILITY tONCFflS FOK RKdlVIWC TH6SE CRITIC Al 
FRONT-END TECHNOLOGY ISSUES 

/ionospheric effects/ rfi 

/MAN’S PERFORMANCE IN SPACE -ORBITAL ASSEMBLY 

/mPTS phase CONTROL FOR FEASIBILITY AND 
MICROWAVE TRANSMISSION EFFICIENCY 


tion of a planning scenario tha account constraining consider- 

possible, economically attractive, Tarce'-scale end-to-end demonstration 

Lions such as XI) -quir^ents for -Xclee^Lst/tectaicL merits of ground 
fesLrgTersL sp^: StLg! Ld O) the need for large mass flow capability 
to LEO and GEO at reasonable cost per pound. 
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The logic flow guiding the development planning analysis Is shown In 
Figure 1.5-1. 
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Figure 1.5-1. Technology Development Planning Logic Flow 
1.5.2 DEVELOPMENT PLAN OPTIONS 

Three planning scenarios were postulated to frame the full spectrum of 
cost/risk options; these are listed below: 

• Guideline: National Goal, Deadline- Oriented Plan (IOC, 1995) 

• Option A: Evolutionary Development Plan (IOC, 2005) 

• Option B: All-Up Prototype Development Plan (IOC 1998) 

Probably the most critical parameter influencing SPS technology develop- 
meat planning is the massive flow requirement to LEO and GEO as a function of 
development lead-time. The parameter is illustrated in Figure 1.5-2 for the 
three postulated development planning options. 

Deadline-Oriented Plan 

The deadline-oriented approach dictates mass flow rate Increases per F^ar/ 
each year of up to 1.5 million pounds to geosynchronous orbit, and mandates 
technical effort supported by a national goal and Immedxate ^ ^ 

front-end DDTE.E funding. Development lead-times for , high- 

hardware are compressed beyond all projected experience and intolerably high 
risk program decisions are mandated. The likelihood of a national co^ltmen 
to SPS development in 1981 is minimal as reflected 

introduction recently in Congress of House Concurrent Resolution 451 which 
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states the crucial need to identify long-term national goals in space. Specifi- 
cally the Resolution calls for the Office of Technology Assessment to: 

Organize and manage a thorough study to determine the feasibility, 
potential conseguences/ advantages and disadvantages of developing 
as a National Goal for the year 2000 the first manned structures in 
Space for the conversion of solar energy and other extraterrestrial 
rQQQUjrQQQ to the peaceable and practical use of hunia/i beings every^ 
where . 

Option A - Evolutionary Development Plan 

The evolutionary development approach implies an ordered step— by— step 
hardware capability Increase, with each funding commitment decision supported 
by a demonstrated verification process. A representative scenario of Option A 
technology development plan elements is shown in Figure 1.5-3. The evolution- 
ary development option is characterized by extensive use of increasingly com- 
plex orbital test articles for sequential verification demonstration, each 
test article with its own significant lead-time requirements, which lead ulti- 
mately to a much extended system IOC date as late as CY 2005, as well as very 
high front-end development costs. 

Option B - All-Up Prototype Development Plan 

This scenario has evolved as an optimized, technically possible alterna- 
tive plan with reasonable cost/risk factors. The plan concentrates on early 
technology advancement based upon a balanced program of ground test and Shuttle 
utilization, and has been selected as the baseline scenario for the SPS veri- 
fication plan. The SPS development plan elements of Option B are illustrated 
in Figure 1.5-4. 

1.5.3 TECHNOLOGY PLAN BASELINE - OPTION B 

This SPS development plan scenario is characterized by a concentrated 
ground test and Shuttle sortie program for the verification test phase, 
followed by an all— up/full— scale clipped— wing prototype demonstration during 
the system development phase. Key commitment decisions are listed below. 

Initiation of technology verification effort leading to 
technology readiness in 1987 . 

1981 Commitment to development of Shuttle— derived, low-cost 
HLLV-OTV development 

Initiation of full system development prototype construc- 
tion phase. 

Commitment to development of SPS-dedicated transportation 
and construction support system elements 
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Key development test elements in the verification phase (1981-1987) 
Include: 

• Ground radiation test facility for ground-to-ground near-field 
MPTS tests and ground- to-geo synch testing for far-field phase 
control and beam quality tests. 

• SPS GEOSAT test system consisting of the following test sub- 
systems: pilot-beam transmitter, beam-mapping subsatellite, 

MPTS component test module, modular GaAs/CR-2 solar arrays, 
and prototype EOTV power conditioner/ thruster system. 

• Orbital assembly dedicated sorties to build 50-m tri-beam 
elements and assemble full-scale microwave antenna structure. 


The development plan is structured in three time phases: 


• Early experimental research program 

• Technology verification (leading to technology 
readiness in 1987) 

• Prototype system development (leading to 1— GW 
prototype demonstration in 1996, and 5-GW system 
IOC in 1998) 


1979-1980 

1981-1987 

1988-1998 


The early experimentation and technology verification program phases 
(1979 to 1987) are described in further detail in Section 2.0. 


Prototype Development/Demonstration 


The prototype development phase is initiated with demonstration of tech 
nology readiness in 1987, and culminates in a full-scale , 

demonLration In 1996. The prototype demonstration system 

in LEO using Shuttle derivative extended-duration cargo transfer and orbital 
constSuction/habltation support elements. Shuttle 

tion and assembly demonstrations will be extended to construction of t^-beam 

assembly complexes (Figure 1.5-5), and further buildup i^o the 

master assembly fixture as visualized in Figure 1.5-6. The 

will then be used to construct the clipped-wing prototpe. and will be tpns 

ferred along with the demonstration vehicle to ® 

will be used to "grow" the 1-GW prototype system to a full-size 5 GW system 

by the end of 1998. 

The 1-GW prototype system will utilize its own plar Pf 
integrated solar electric propulsion ps tern to P’^°Pf /“elf to GEO. While h 
orototype/early operational SPS will be self-propell^ fpm LEO to GEO, subse 
quent production systems will be assembled in GEO utilizing a e ca e 
for mass transfer from LEO. 
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2.0 TECHNOLOGY EXPERIMENTAL/VERIFICATION PROGRAM (1979-1987) 

The experlmental/verlfication program leads to technology readiness to 
1987 to support of a prototype development commitment at that time. A tw - 
phase program is proposed as outlined below. 


• Early E xaertoental Research (1979-1980) - The early experlmenta- 
tlon phase of the baseline SPS verification/ development plan 
covers the 1979-1980 time frame, and includes those exploratory 
technology experimental elements categorized as mandate^ tests 
prerequisite to a logical commitment decision to 
technology verification/advancement activities in 1981. 


To^h nolnav Verification Phase (1981-1987)_ - This is the basic 
all-out development effort involving a comprehensive groun 
test program for component development and 
testing, supported by Shuttle sortie testing and rau 
geosynchronous satellite experiments. 


2.1 VERIFICATION PROGRAM ELEMENTS/LOGIC 


Technology verification planning was structured by ~ 

include all of the front-end planning elements shown in Figure . • 

punning process derived sequential test elements, sys- 

Tables 2 1-1 and 2.1-2. While preliminary in nature at this point ^ 

rrresigi.\hese test elements —less -tegorize th^ eLirUatlon 
activity and f acilitization embodied in the Option B teenn . gy 

plan. 

Those critical technical areas judged to be "technically 

s™""anrcat^ofiz°efbfmajoi"sP^ 

r"tlorreqfirLents baLd on subsystem verification test planning. 

Table 2.1-3 summarizes the key issue/ subsystem matrix. 

element. This section, therefore, consists of the roxxowxng 
gram subsections. 


^ Microwave Transmission 

• Power Conversion 

• Power Distribution 

• Structures and Assembly 

• GEOSAT Definition and Integration 

• STS Propulsion Technology 
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Figure 2.1-1. SPS Technology Advancement Plan Elements 
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Table 2.1-1. Technology Verification Test Elements (Ground) 



GROUND TEST PROGRAM 

EARLY ANALYSIS 
EXPLOR. LAB DEVELOPMENT 

COMPONENT DEVELOPMENT 

INTEGRATED TEST 

1978-1980 

1981-1985 

1982-1987 

• COMPUTER MODELING PHASE 

• COMPONENT LAB MODELS 

• MICROWAVE GROUND/GROUND 

CONTROL 

• COMPONENT PILOT LINE 

RANGE 

. LABORATORY BREADBOARDS 

PRODUCTION 

• MPTS/GEOSAT GROUND/GEO 
RANGE 

• ARECiBO HEATING FACILITY TESTS 

• ENVIR. LAB TEST FACILITIES 

• STRUCT. SIMILITUDE TEST 

• CONVERTER LAB ANALYSIS & TEST 

• MATERIALS RECOVERY PILOT 

FACILITY 


LINE (GALLIUM) 


. HIGH-VOLTAGE POWER 


• LARGE STRUCTURE ASSY 

DISTRIBUTION LAB TESTS 

• LARGE (-'100 CM) ELECTRIC 
THRUSTER DEVELOPMENT WITH 

SIMULATION FACILITY 

• GaAs CELL EFFICIENCY LAB TESTS 

ARGON PROPELLANTS 

• SOLAR BLANKET PILOT LINE 

• SPS GEOSAT CONCEPT DEFINITION 

• EOTV BREADBOARD TESTING 

• POWER CONVERSION DISTRI- 
BUTION INTEGRATION SUB- 

• GRTF CONCEPT DEFINITION 

• CHEMICAL OTV MONITORING/ 
SELF-TESTING COMPUTER 

SYSTEM LAB 

• SORTIE EXPERIMENT DEFINITION 

EQUIPMENT 

• THERMAL-VACUUM CHAMBER 
TESTS OF EOTV PROTOTYPE 

• ROCKWELL-FWTO CONCEPT 

• TURBOFAN-RAMJET ENGINE 


FEASIBILITY STUDIES 

COMPONENT DEVELOPMENT 

• CHEMICAL OTV PROPULSION 
SYSTEM TEST 

• EOTV ANALYSIS & COMPONENT 

• ROCKWELL-FWTO WINGAANK 


LABORATORY TESTING 

STRUCTURAL FAB & TESTS 

• ROCKWELL-FWTO WIND 
TUNNEL MOOa TESTING 

• INTEGRATED TURBOFAN- 
RAMJET TESTING (MODIFIED 
J-58) 
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• modular goAs solar array 

ELEMENTS - REFLECTORS 

• EOTV PROPULSION MODULE 

• POWER DISTRIBUTION - SLIP RING 
SUBSYSTEM 

•MPTS COMPONENT TEST MODULE 


• J^*®^"VOLTAGE PLASMA EFFECTS - 
ARCING - RFI 

• BEAM MACHINE SUITCASE 

experiments 

•STRUCT. ASSY -JOINTS - 
TECHNIQUES - TOOLS 

• EOTV PROPULSION MODULE 
PROTOTYPE TEST 


• GEOSAT ORBITAL INJECTION 

• LARGE STRUCTURE ORBITAL 
ASSY DEMO - 50-M TRI-BEAM 

• FULL-SCALE MPTS ANTENNA 
CONSTRUCTION DEMO 

► SUBORBITAL HYPERVELOCITY 
tkt^rticle of ROCKWELL- 


Table 2.1-3. Critical Technical Issues by Major Subsystem 


/ 

MPTS 

POWER CONVERSION 

POWER 

DISTRIBUTION 

STRUCTURE 

ASSY/CONST 

TRANSPORTATION 

■ 

* PHASE CONTROL 
Jj: ANTENNA POINTING 
AND CONTROL 
sf: INCIDENT MICROWAVE 
RADIATION 



>i«SPACE CON- 
STRUCTION 
PROCESSES 

He TRANSPORTATION 
COST TO ORBIT 

* FRONT END DDT&E 

* LAUNCH RATES 

II 

• MICROWAVE ELEMENT 
LIFE/FAILURE RATES 

• DC/DC EFFICIENCY 

• DC/RF CONVERTERS 

• WAVEGUIDES/RCRS 

• SHUTDOWN/STARTUP 

• MICROWAVE BEAM 
DISPERSION ANALYSIS 

•LIGHT-WT BLANKET 
PRODUCIBILITY 
•POWER CONVERSION 
DEVICES LIFE/DEG RAC 
• DC/DC EFFICIENCY 
•REFLECTOR FILM 
DEVELOPMENT 
•REFLECTOR FILM 
FLATNESS CONTROL 

• DC/DC EFFICIENCY 

• ROTARY JOINT 
POWER TRANSFER 

• POWER SWITCHING 

• VOLTAGE/CURRENT 
REGULATION 

• HIGH VOLTAGE 
SPACE CHARGING 

• PLASMA 
INTERACTIONS 

• man-machine 

PRODUCTIVITY 

• SAT. POINTING & 
CONTROL 

•ASSEMBLE RATES 

• OTV PERFORMANCE 

• ELECTRIC THRUSTER 
PERFORMANCE 

• LEO/GEO TRANSFER 
OF LARGE 
STRUCTURE 

III 

• RECTENNA ELEMENT 
LIFE/FAILURE RATES 

• MW BEAM ON-ORBIT 
MAINTENANCE 
HAZARDS 

•REFLECTOR FILMS 
DEGRADATION 

• POWER CONDUCTION 

• RECTENNA POWER 
DISTRIBUTION & 
CONTROL 

• CREW SAFETY 
•PRODUCTIVITY 
EVA REQTS 
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2.2 MICROWAVE POWER TRANSMISSION SYSTEM 

The microwave power transmission system (MPTS) is clearly the most criti- 
cal SPS subsystem from the standpoint of technology development and subsystem 
feasibility. State-of-the-art advances are required in dc/RF and RF/dc conver- 
sion^ phase control, RFI suppression, and thermal control. MPTS test concepts 
are required which are technically manageable, economically acceptable, and 
capable of demonstrating substantial resolution of the key technical Issues 
postulated for this major subsystem. 

A comprehensive component development and ground test program is proposed 
culminating in full-scale line array ground to geosynchronous power beam test- 
ing, along with GEOSAT environmental testing of component elements and combin- 
ations. The proposed MPTS development test flow sequence is shown in 
Figure 2.2-1. Key to the proposed development sequence is the progressive 
test buildup of modular elements of the MPTS subsystem including the rectenna. 
Preliminary point design microwave antenna modular element sizes are shown in 
Figure 2.2-2. The largest standard element is the 30-m x 30-m mechanical 
module which mates with the major antenna support structure. The mechanical 
module is comprised of 10-m x 10-m subarrays, each of which has a single set 
of its retro-electronic circuits. Each subarray is comprised of individual 
power modules, each fed by a single /MW converter unit. 



Figure 2.2-1, MPTS Development Test Flow Sequence 


2.2.1 SUPPORTING RESEARCH AND TECHNOLOGY (SRT)— EARLY ANALYSIS /EXPERIMENTAL 
RESEARCH 

lonosphere/microwave beam interaction effects constitue a primary Level I 
key technology issue and require a mandatory early experimentation program to 
test for non-linear effects at 2.5 GHz using the Arecibo facility. The test 
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Figure 2.2-2, Microwave Transmission System - Satellite Antenna 


program proposed by L. M, Duncan and W, E. Gordon of Rice University is rec- 
ommended for implementation. This experimental program is outlined in detail 
in the lonosphere/Microwave Beam Interaction study final report, dated 
September, 1977 (Contract NAS9-15212) . 

A key element of the MPTS development plan is the multi-phase Ground 
Radiation Test Facility which will require more in-depth early analysis 
concept definition and test logic development prior to 1981, to ® ® 

detailed test verification framework for ground test and ground-to-GEO t 

activities. 

Other early analysis and exploratory technology areas include: 


• Resonant cavity resonator development 

• 50-kW Klystron development 

• Power transistor analysis 

• Array antenna pattern calculations 

• GaAs diode analysis 


The criticality o£ these MPTS component elements relative to subsystem feasi- 
bility and efficiency requires early analytical exploratory computer modeling, 
simulation, and feasibility laboratory examination. Task 

tives, and approaches for these early analysis efforts are summarised in detail 
in Section 3.0 (Supporting Research and Technology Summary). 
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2.2,2 GROUND TEST PROGRAM 


Th 0 MPTS development schedule is shovni in Figure 2 •2—3. The secjuence of 
effort after early concept analysis and feasibility testing proceeds through 
development of component elements and modular element laboratory and environ- 
mental tests to progressively larger subarray sections, which come together in 
the ground radiation test facility for integrated subsystem testing. 
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Figure 2,2-3, MPTS Development Schedule 

Parallel component development of the Klystron/RCR module and solid-state 
power amplifier should be initiated with a final point— design power amplifier 
decision made prior to the 1981 technology verification program start date. 

Prototype component development testing of transmitter and rectenna ele- 
ments will take place initially in development laboratories and ultimately on 
the proposed field test range, 

2.2.3 GROUND RADIATION TEST FACILITY 

Extensive proof-of-subsystem-f easibility under controlled conditions is 
a primary requirement of MPTS development before high-cost, large-scale space 
environmental test evaluations can be planned. This effort can be performed 
in the proposed low-cost microwave test range facility, which provides three 
sequential range extension capabilities for near-field and far-field microwave 
testing. The range will be designed for testing of point-design modular 
microwave antenna and rectenna elements in progressive combinations of modules 
and subarrays. 
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Figure 2.2-4. Integrated MPTS Ground Radiation Test Facility 
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towers. The 6-km range is visLllzed as a 30-^30^2!^'' 

mounted on the large dynamic test stand r»d?=r-^° T antenna module 

modules installed on a nortLfacLf M f '^° ^ rectenna 

MSFC Center and locLL withi^t^e\ 5 Contraves Station. S.S.E. of 

secondary roads, but in an isolated, controlled area?""' serviced by 
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Microwave Test Range 

Phase A ground-to-ground near-field testing will utilize the 600-m range 
for unit power module tests initially, with progressive buildup of power mod- 
ule elements xnto the modular 10-m subarray. The proposed 600-m test range is 
shown in Figure 2.2-6. Larger-scale antenna testing with Integrated retro- 
directive control circuitry will range from 10-m subarrays to full 30-m^ 
antenna mechanical modules, utilizing the 6-km test range plctorialized in 
Figure 2.2-7. The proposed rectenna site for the 6-km range is shown in 
l?xgure z.z-a. The 6-km range elevation profile is shown in Figure 2.2-9. 

2.2.4 SPACE TEST PROGRAM 

The principal space activity associated with MPTS technology development 
xnvolves inverted far-field microwave transmission tests from ground to geo- 
sync ronous, utilizing a multi-test satellite far-beam mapping and pilot-beam 
retrodirective testing along with selective subsystem element environmental 
testing and RFI evaluation. 

^ hase By Ground- to-GEQ T est Elements . A 1-km linear transmitting antenna 
one power module in width, is proposed for full-scale phase control testing as 
shown in Figure 2,2-10. Full-scale aperture testing is required to verify 
phase control linearity and array performance prior to commitment of major 
space antenna construction effort. The 1-km array measurement geometry is 
shown in Figure 2.2-11. Range to the edge of the near-field is calculated as: 


R = 2 ~ = 20,000 km. 

Obviously, no terrestrial range can satisfy this requirement, making the ground- 
to geosynchronous test concept a viable cost-effective alternative to early 
full-scale space testing. 
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figure 2.2-6. 
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OBJECTiVES 

• TEST PERFORMANCE OF RETROEIECTRONICS 
USING FINAL APERTURE 

• DETERMINE MANUFACTURING TOLERANCES 
FOR RETROELECTRONICS 

• DETERMINE ATMOSPHERE EFFECTS 

• TEST EFFEa OF TRANSIENTS 

• POWER DENSITY PROFILE MEASUREMENTS 

GRTF CHARAaERISTICS 

• GROUND ANTENNA INSTALLATION 

VI KM EAST-WEST LINE SOURCE SIZE 
y^ONE PWR MODULE WIDE - RADIATES 50 KW 
y'LOCATION - S,E. USA 




• GEOSAT 

V'iNTEGRATED GEOSYNC ORBITAL TEST SYSTEM 
yOEOSAT ELEMENTS 

• PROTO 500 W PILOT BEAM 

• BEAM MAPPER SUB-SATELLITE 

• MODULAR GaAs SOLAR ARRAYS - 100 KW 

• SCALED POWER CONVERSION - POWER 

• DISTRIBUTION SUBSYSTEMS 

• EOTV PROPULSION SYSTEM FOR 

• ORBITAL TRANSFER & RETURN 
•MPTS COMPONENT TEST SUBSYSTEM 


Figure 2.2-10. liPTS Ground-to-GEO Microwave Test Elements 
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The ground- to-GEO 1-km-long linear transmitter array could be located 
in close proximity to dynamic test stand antenna installation, along a straight 
stretch of service road running east to west paralleling the southern fence- 
line of the MSEC facility as shown in Figure 2,2-12, This array would operate 
in conjunction with the proposed geosynchronous satellite test system for far- 
field microwave phase control evaluation testing. 

The pilot-beam element of the GEOSAT system illuminates the ground 
antenna linear array, where the beam is received by the line-source retro- 
electronics which, in turn, phase the line source to return its beam to the 
GEOSAT. The beam is a fan beam since the line source aperture is a full-scale 
1-km in the east-west direction, but only one power module wide («1 m) in the 
north-south direction. 

The beam-mapping GEOSAT piggyback subsystem operates in a free-flying 
mode and probes the beam pattern by slowly drifting in an east-west pattern. 

The GEOSAT test system is discussed separately in Section 2.6 because 
of its multi-mission characteristics as a general-purpose geosynchronous 
environmental test platform for all critical SPS subsystem elements. 

2.3 POWER CONVERSION 

The baseline photovoltaic energy conversion subsystem utilizes a GaAlAs 
solar cell with an efficiency of 20 percent at air mass zero (AMO) and 28 °C, 
and requires 30.6x10® m^ of solar cells (5-GW system). The most demanding 
requirement for SPS is the need for high-volume production of solar cells at 
very low costs. 

The major assemblies that are required for the baseline photovoltaic sub- 
system are shown in Figure 2.3-1, The basic solar cell consists of GaAlAs 
junction, substrate, adhesive, current collectors, and anti-reflective coating. 
The solar blanket consists of a 25-ym Kapton membrane upon which the cells are 
fastened with a thermo— setting FEP adhesive. Also included in the blankets 
are the interconnects, coatings required for thermal control, attachments, 
tensioning devices, and sensors. Thin concentrator membranes are used to 
reflect the sun onto the solar cell surface, and obtain nominal concentration 
ratios of 2. The concentrator is made of 12.5-pm (0.5-mil) aluminized Kapton. 
Reflectivity is taken at 0.9 beginning of life (BOL) , and 0.72 end of life 
(EOL) , The membrane has a mass of 0.018 kg/m^ and is mounted on the structure 
using attachments and tensioning devices. 

Power conversion subsystem Interfaces are shown in Figure 2.3-2. Switch 
gears are shown for clarity, although they are considered part of the power 
distribution subsystem. The major interfaces include the array orientation, 
attitude control, IMS and control, energy storage, power distribution, struct- 
ure, thermal control, and support operations. The major interface parameters 
are also indicated. The proposed experiment /verification schedule for power 
conversion subsystem development is outlined in Figure 2.3-3, 
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• GaAs CELL 

• GaAlAs WINDOW 

• COVER/SUBSTRATE 

• CURRENT COLLECTORS 

• AIR COATING 


• KAPTON BLANKET 

• TRANSPARENT THERMAL 
COATING 

• ADHESIVE 

• INTERCONNECTS 

• ATTACHMENTS AND 
TENSIONING DEVICES 

• SENSORS 


• KAPTON BLANKET 

• REFLECTIVE BLANKET 

• ATTACHMENTS AND 
TENSIONING DEVICES 

• SENSORS 


Figure 2.3-1. Solar Photovoltaic Power Conversion 
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Figure 2.3-2. Power Conversion - Photovoltiac Block Diagram 
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1009 . milestones include availability of prototype cells at the end of 
ibo-i, array technology readiness demonstrated early in 1984; sortie high- 

if sp!L“rLtri98r°“ verification 

10 H 5 development Includes 250 m of GaAlAs solar cells in late 

1985 of a design that is reproducible and built to SPS specifications. These 
ceils are to be used in the operational GEOSAT EOTV solar array. 

program is to provide the necessary technology 
verification that will permit an SPS program decision by late 1987, 

■t T ?4 proposed integrated power conversion verification test plan is shown 
4 4 ’ Principal effort would concentrate on component development 

ground test elements while maintaining logical test sequences 
w th respect to early experimentation tasks and sortie mission experiments, 
he component development phase includes the major solar cell development 
tasks, and begins the process of providing ample supply of gallium as part of 
component development. Solar array packaging of solar cells and reflectors 
V70uld be developed. The integrated ground test activity would Include a full- 
module ground test of the solar array. It is anticipated that technology 
readxness will be achieved for solar arrays with a power-to-weight ratio 
compatible to SPS requirements, i.e. , ~650 W/kg. 



(CELLS/REFIECTOR) 


• STRUCTURE SUPPORT 

•H. V. 

• FULL SCALE MODULE TESTS 


Figure 2.3-4. 


• PERFORMANCE VERIFICATION 

• SUBSYSTEM INTERACTIONS 
•H, V. PLASMA AND 

SPACECRAFT CHARGING 
EFFECTS 

• RADIATION DEGRADATION 

Power Conversion Early Verification Plan 

A limited sortie test program is proposed, consisting of evaluation of 
environmental effects on solar cells and reflectors and high-voltage plasma 

•LOdocS^ 

A critical element in power conversion technology verification is an 
operational test of solar array, power distribution, control, and RF equipment 

geosynchronous environment. This test would be accomplished with 
the GEOSAT system described in Section 2,6, 
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2,3,1 SUPPORTING RESEARCH AND TECHNOLOGY (SRT)— EARLY ANALYSIS/ EXPERIMENTAL 
RESEARCH 

Past studies have shown that a GaAlAs solar array with concentration ratios 
of 2 to 5 result in an effective design concept for low weight and cost. The 
GaAlAs photovoltaic subsystem also has the potential for Increased performance, 
higher resistance to ionized radiation levels, and the ability to operate with 
concentrators with minimum loss in performance compared to Si cells. Determin- 
ation of the state of the art, analyses, computer modeling, design and tradeoff 
studies should be initiated and the results of these tasks used to define the 
fabrication, test, and development programs required for the major power conver- 
sion components. Major elements that require early Investigation and advanced 
development to verify the design approach are shown in Figure 2.3-5. 


mo • ixf miMENfAi G«AiA« caL 


-TOP WNTACf 
‘O.OS III* C«AIA« 

t.S III* P>TYK 


GoAs/GqAs 


I) • U.Wfe {NO ANTI-«€FLECTlVf\ • SOLAR CELL DEVELOPMENT - (20% AMO. 20C) SELECT 

COATINGS) \ 5 III* N-fY« G«A« SUBSTRATE MATERIAL. CONTACTS. INTERCONNECTS. 

XoA* SUBSTRATE (13 MILS) AR COATI NGS , AND COVERS . FABRICATE/ 

EVALUATE XPMT CELLS 




7 *2(W 

o.aoa kB/m* 


GoAi,'$APPHIRE 



. 20 |i M GoAs 
I (SUBSTRATE) 






I 30 ..m SAPPHIRE 
» (SUBSTRATE) 



INVERTED GoAi/SAPPHIRE 


I 


• FABRICATION PROCESSING - SCALE UP DEVELOPMENT 
OF CVD PROCESSES FOR GROWING GaAlAs CELLS 

• RADIATION DEGRAD. EVALUATION - MODEL AND <750^ 
PERFORM RADIATION TESTINGS (CELLS AND REFLECTOR^ 
MATERIALS). 

• LIGHTWEIGHT REFLECTOR TESTS - DETERMINE REFLECTORS 

PERFORMANCE (REFLECTIVETY. COATING THICKNESS. ( 300 ^ 
TENSIONING, & SIZE) ^ 

• array high VOLTAGE DESIGN - DEVELOP 1000 VOLT v- — -v 
SOLAR CELL STRINGS. 

4.17M 


tf m 19-20% 

0.252 kfl/»2 * 


EARLY ANALYSIS + 
EXPLORATORY LAB TESTS 
(7B - 80) 


J 20 fim GLASS 
- -- ...w,. f (sujSTRATE) 


to TO 14% 
0.3282 kg/m^ 


Figure 2.3-5. Photovoltaic Power Conversion Subsystem 

The basic cell design is the inverted GaAs/sapphire design having a 
weight of 0.252 kg/m^ . The various cell designs and the selected design are 
shown in the figure. The cell design has a 20- m sapphire substrate upon 
which is grown a 5-pm single crystal GaAs junction, A 500-angstrom GaAlAs 
window is then deposited on the 5— ]im junction 


Early analyses and exploratory lab tests are planned to pursue the solar 
cell development. High efficiency is required to minimize solar cell area. 

A lower-cost substrate than gallium arsenide is needed to reduce solar cell 
costs. Present CVD reactor chambers are limited to the laboratory. Consider- 
able scale-up is required, particularly to understand control of process 
variables at high production rates. 


2-19 


SD 78-AP-0023-6 



Rockwell International 

Space Division 


Radiation-resistant 6aAs solar cells and self-annealing designs must be 
fully explored. Parameters for reflector design are needed to develop SPS 
array concepts. High-voltage solar cell string development must begin during 

this period. 

The criticality of solar cells and reflector component elements relative 
to subsystem feasibility and efficiency requires significant early experimental 
research effort. Task descriptions, objectives, and experimental approaches 
for these early analysis tasks are described in Section 3.0 (Supporting 
Research and Technology Summary). 


2,3.2 COMPONENT DEVELOPMENT 

The proposed power conversion component development test plan is summar- 
ized in Figure 2.3-6. During this phase, solar cell development must progress 
to the point where manufacturers have achieved reproducible GaAlAs solar cells 
with high manufacturing yields. A prototype cell is required to support GEOSAT 
EOTV solar array development. Techniques will be developed for Interconnect g 
solar cells to achieve high-voltage modules and cell laydown to the blanket. 


ARRAY 

PANEL CR = 2 



ALUMINIZED 

KAPTON 


GoAlAs 
SOLAR CELLS 


• CVD PROCESS DEVELOPMENT - DEVELOP MFG TECHNIQUES 
FOR REPRODUCIBILITY OF CELLS WITH HIGH MFG YIELDS 

• BLANKET DEVELOPMENT - DEVELOP CELL-BLANKET 
INTERCONNECT AND LAYDOWN PROCESSES 

• RADIATION TESTING - TEST AND DEVELOP RESISTANT 
CELLS AND/OR ANNEALING TECHNIQUES 

• G ALLIUM RECOVERY - ESTABLISH SMALL SCALE RECOVERY 
OPERATION FROM BAUXITE. INVESTIGATE RECOVERY FROM 
FLYASH 

• ARRAY packaging - DEVELOP COMPONENTS FOR 
SOLAR BLANKET AND REFLECTOR PACKAGING FOR 
SUBSEQUENT DEPLOYMENT AND RETRAaiON IN 
ORBIT 


ORIGINAL PAGE IS 
OP POOR QUALITY 

area = 62.5 m 2 (SOLAR CELLS) -*^29.8 x lOj M2 
125 m 2 (REFLECTOR) ► 70.2 x 10® MZ 

CELL VOLTAGE: 

<1 VOLT PER JUNCTION-*«,000 VOLTS 

CELL OPERATING TEMP. (CR = 2); ~ 125 C 

RADIATION DEGRAD . : < fl% (30 YEARS) 

GALLIUM REQ'D: 0,02 KG/M2 —►SPS MT/5 GW 

Figure 2.3-6. PC Component Development (1981-1985) 

A small-scale pilot line development is proposed for gallium recovery. 
This will demonstrate 80-percent recovery from bauxite. Commercial demonstra- 
tion of gallium recovery would follow an SPS decision to go opera ona 

A critical element to an EOTV development is a radiation-hardened and/or 
self-annealing GaAlAs solar cell development. Preliminary assessments indicat 
that this might be achieved, and its pursuit is highly recommended during the 
component development phase. 
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Array packaging includes both the solar cells and associated reflectors. 
The first space test item (GEOSAT EOTV) will require deployment and retraction. 

2.3.3 INTEGRATED GROUND TEST 


This phase of early development is summarized in Figure 2.3-7, and repre- 
sents the key activity to establish solar array technology readiness for a 1987 
decision on SPS operational status. A full-scale blanket/reflector module test 
is proposed in a similar way to that achieved in the early Solar Electric Pro- 
pulsion (SEP) program. This design will match SPS requirements as nearly as 
practical in terms of cell, reflector, and structural weights. The technology 
that results will be the basis of GEOSAT EOTV solar array design. 



AREA: 125 m2 

REFL. TENSIONING REQ'D; 10 - 1000 PSI 
SUBSTRATE: 1 MIL KAPTON 
REFL.: 1/2 MIL KAPTON 
CELL: IMILGoAlAs 

WEIGHT: .252 KG/M^ CELL —^7.5 (10^) KG 

,019 KG/m2reFL. ►l.a (10^ KG 

.0135 KG/m2 struct.— ► 4.0 (10«) KG 


• REFLECTOR STRUCTURE SUPPORT - DETERMINE OPTICAL 
performances, structural RIGIDITY, AND 
MEMBRANE DEFLECTION, CREEP, AND TENSIONING REQMTS 


• HIGH VOLTAGE ARRAY - CONFIGURE, TEST AND 
EVALUATE HIGH VOLTAGE SOLAR CELL STRINGS ON 
TYPICAL BLANKET STRUCTURE CONFIGURATION 


• FULL SCALE BLANKET/REFLECTOR MODULE « DEVELOP 
AND CONFIRM ASSEMBLY, REPAIR, AND 
DEPLOYMENT CONCEPT OF SOLAR CELL BUNKETS 
AND REFLECTORS 


*NOTE: 5% SOLAR CELL COVERAGE 


Figure 2,3-7. PC Integrated Ground Test (1982-1987) 

Reflector structure support requirements will also be developed. A high- 
voltage array will be configured and evaluated. Vacuum tests will be required 
to eliminate aerodynamic effects during test evaluation. 

2.3.4 SPACE TEST PROGRAM 

A basic developmental concept embodied in the baseline development plan 
scenario relates to the premise that most of the technology verification effort 
in support of key issue resolution can be accomplished through comprehensive 
analysis, and ground experimentation and development. The principal require- 
ment for space testing is satisfied by the geosynchronous multimission concept 
of the GEOSAT, functioning in the operational environment of SPS systems. 
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There is, however, a significant requirement for selective LEO verification 
testing utilizing the Shuttle system in both shared and dedicated sortie modes. 

In addition to geosynchronous orbital testing of power conversion subsys- 
tem elements using the GEOSAT test system (described in Section 2.6) key 
sortie experiments are also indicated as summarized in Figure 2.3-8. These 
proposed sortie tests could be combined with power distribution subsystem 
elements and would be limited generally to evaluation of space environmental 
effects. Since these tests are conducted in LEO and for short durations, the 
amount of radiation degradation that can be observed will be limited* On-orbit 
reflector performance evaluation to assess tensioning requirements on reflectiv- 
ity will be extremely important to the design of large reflectors. It Is very 
expensive to accomplish high tensioning and, at the present time, the SPS design 
concept is based on low-tensioning requirements. 



SIZE: 3.5 KW 
AREA: 8.5 m 2 CELLS 
CELL EFFICIENCY: 18.5% (125 Q 
REFLEaiVITY: 90% BOL 


• SOLAR CELL SPACE ENVIRONMENTAL EFFE CTS - ON-ORBIT 
CELL PERFORMANCE, DEGRADATION, CALIBRATION 
VERIFICATION OF MODELS 

• REFLECTOR SPACE ENVIRONMENTAL EFFECT S - ON-ORBIT 
REFLECTOR PERFORMANCE, DEGRADATION,”aND 
VERIFICATION OF MODELS 

• SPACE MANUFACTURE - EXPERIMENT WITH REFLECTOR 
SURFACE MATERIALS APPLIED ON ORBIT 

• HIGH VOLTAGE SOLAR ARRAY - ASSESS HIGH VOLTAGE - 
PLASMA DISCHARGE THRESHOLDS AND CHARACTERISTICS. 
DETERMINE DIELECTRIC CHARACTERISTICS OF ARRAY 
SUBSTRATE AND COVER 


• PLASMA LOSSES AT HIGH VOLTAGE - INSERT PIN 
HOLES ON SEGMENTED FLAT CONDUCTORS TO 
EVALUATE PLASMA LOSSES AT HIGH VOLTAGE 

• SUPERCONDUCTIVITY POWER CABLES *^ OBTAIN 
DATA OF A SMALL SCALE SUPERCONDUCTIVE POWER 
CONDUCTOR AND EVALUATE PERFORMANCE 
CHARACTERISTICS 


♦NOTE : VOLTAGE 1000-5000 VOLTS 


Figure 2.3-8. PC Sortie Experiments (1982-19 B5) 

Reflector surface degradations could be excessive, and it is important to 
resolve this issue early in the design phase. Present allowances are made for 
a degradation of 20 percent over the 30-year lifetime, and this results in a 
solar cell area penalty of 6.1x10® m^ per 5-GW system. 

Existing data indicate that the SPS array voltage will be limited to 
«40 kV in LEO because of high plasma losses; this necessitates two configur- 
ations since GEO operation is planned at AO kV. Early space tests are 
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required to confirm plasma losses as a function of voltage and materials. 

More definitive sortie experiment concept definition is required, based upon 
preliminary point-design SPS system definition. 

2.4 POWER DISTRIBUTION 

The power distribution and control subsystem (PDS) receives power from 
the solar arrays and provides the energy storage, regulation, and switching 
required to deliver regulated power for distribution to the antenna system 
(klystrons) and the various subsystems (attitude control. Information manage- 
ment and control, etc.)» The grounding, electromagnetic interference control, 
and shielding requirements of the SPS are also Included as part of the PDS. 

The functional block diagram for the power distribution subsystem is shown in 
Figure 2.4-1. 


T>40iC 



Figure 2.4-1. Power Distribution and Control 

Although subsystem power conditioning and dc-dc conversion are shown as 
being combined into a single unit, these functions are in actuality composed 
of many dc-dc converters located throughout the satellite and/or MW antenna 
structure. 

The information management and control system (IMCS) monitors the bus 
as well as the regulator/converter voltages, currents and temperatures, and 
compares these with preset levels stored in the computer. In the event of a 
disagreement, the IMCS initiates a command signal to open up the associated 
switch bear. 


The major assemblies comprising the power distribution and control sub- 
system (PDS) are shown in Figure 2.4-2. The power distribution consists of 
the main feeders, secondary feeders, summing buses, tie bars, and power 
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• BRUSHES 
•Slip RINGS 
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•SENSORS 
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■ SENSOR 
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I SECONDARY i 
i STRUCTURE I 

I 

• INSTALLATION 

Figure 2.4-2, Power Distribution Assembly Tree 
interface cabling to the various subsystems. The power distribution 

convert the existing bus voltages to rte subsratL'voItagr^quLerfof 
various subsystem loads. Switch gears are used on the array trachleve volt 

ventiorof laLri/°”r cement elsewhere for circuit isolation and prL 
brutlll^rt^r ? transients upon start-up and shutdown. Batteries will 

tL w ® the minimum energy requiLrbv 

subsystems. The rotary joint is utilized to transfL energy 
through the slip rings and brushes from the SPS fixed member to SP«5 

ira*L“?r “^ttP^sve antenna is located. The PDS control concept 

is a continuous monitoring system performed by the on-board IMCS computer Ls- 

tZ sLTcS ^S^^^ed^d! snd^ns^tal^:- 

proposed experlment/verlf icatlon schedule for power distribution and 
control subsystem development is outlined in Figure 2.4-3 In thrini?iar 
phase, emphasis is placed on computer modeling of PDS components and subsys- 
tems for dete^lnlng performance characteristics. SubseqSenrpLsea consist 
of component development and verification, through integrated ground testing 
Sortie experiments would be performed to obtain data uLer spfoe environment 

simulator model. The GEOSAT EOTV would provide'^systera operational 
elements “ ‘^“njunctlon with power conversion and transmission suLystem 

The proposed integrated power distribution verification test plan is 
s own in Figure 2.4-4. Development objectives consist of obtaining perform- 

power distribution component and overall suLysifm 

ground 'testlnv accomplished through component hardware 

ground testing, supported by sortie and GEOSAT space experiments -fn 

with pox^er conversion subsystem testing. experiments, in conjunction 
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Figure 2.4-3. Power Distribution and Control Early Verification Schedule 


• COMPUTER SIMULATION 

• S/C CHARGING 

• SUPRING/BRUSH MAT'LS 

• FLAT CONDUCTOR JOINING 
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2,4-4. Power Distribution and Control Early Verification Plan 
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, A 1 SRT-EARLY ANALYSIS/EXPERIMECITAL RESEARCH 

h tasks are proposed for early technology 
A series of fj3rrrr«i==S\n Figure 2.4-5. The oh^ect- 

feaslbllity tasks are listed below. 

o< 

performance charac ;terlstlcs. .ivllGINALPAGBffi 

. Develop simulation model of PDS subsystem. poQR QUALITY 

. perform stead-state. transient short-circuit, and load-variation 
analyses on PDS subsystem model. 

.... for safety of equipment and 

• Investigate protective device 

personnel. 

► ™ndel for investigating space charge effects. 

• Develop a computer model for in 

analysis of superconducting power cables to determine 
SS iht^aie ieasiile for SPS applications. 

•™»nts Of the various joining techniques 
. Perform laboratory slip-ring/brush, thermal, and 

of flat conductors, and determine s p 

electrical characterise cs. -/-vner- 

rhese early analyses /exper 

i^il^tlrSfre di^eSrefrsfetr ro rsupportmg Research and Technology 
Summary) . 
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O^AIINO STANDARDS, 
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state of conductor elements 


—I 


EARLY ANALYSIS + 
exploratory lab tests 
76-80 


„ 2 4-5 Tower Distribution and Control Subsystem 

Figure 2.4-5. row .j^^ks 
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2.4.2 COMPONENT DEVELOPMENT 


Proposed power distribution component development plan elements are sum- 
marized in Figure 2.4-6. The objective is to develop and verify performance 
of new high-power (high- cur rent /high- volt age) components which represent 
advance technology for utilization in the PDS system of the SPS concepts. The 
component design concepts will be breadboarded to prove out the theory as we 
as to verify performance characteristics. Actual SPS full-scale components 
will be Included in the development tasks. A solar array simulator would be 
developed for evaluating subsystem electrical characteristics, and major subsys- 
tem components will be breadboarded and tested to provide experimental data or 
solar simulation modeling. Rotary joint slip-ring elements, flat conductors, 
high-voltage regulators, and solid-state switch gear and power supplies wil 
be developed and tested. 


SOLAR CELL l-V: 0.612V PER CELL (50,000 VOLTS) 
ROTARY JOINT: 7.75 AMPS/CM^ (BRUSHES) 
CONDUCTORS: 0.1 CM THICK 
SWITCHGEAR: 10000 AMPS 

DISTRI, BUSS: 100,000 AMPS 


• SOLAR ARRAY SIMULATOR - DEVELOP A SOLAR ARRAY 
SIMULATOR FOR EVALUATING SUBSYSTEM ELECTRICAL 
CHARACTERISTICS 

• BREADBOARD SUBSYSTEM COMPONENTS - BREADBOARD 
VARIOUS COMPONENTS (SWITCHGEAR, REGULATOR, DC 
TO DC CONVERTER) FOR OBTAINING DATA 
COMBINATION WITH SOLAR SIMULATION MODEL 

• ROTARY JOINT SUBSCALE HARDWARE • TEST SLIP PING 
SECTION (THERMAL & ELECTRICAL CHARACT., BRUSH 
rate OF WEAR, MONITORING/CONTROL, AND 
MANUFACTURING PROCESSES) 

• SUBSECTION FLAT CONDUCTORS - DEVELOP TECHNIQUES, 
PROCESSES AND TOOLING REQMTS FOR MANUFACTURE 
OF FLAT CONDUCTOR SECTIONS 

• HIGH VOLTAGE REGULATOR - DEVELOP HIGH VOLTAGE 
REGULATION OF SOLAR ARRAY POWER 

• SWITCH GEAR AND POWER SUPPLIES - DEVELOP HIGH POWER 
SWITCH GEAR FOR INTERRUPTION OF POWER OF SOLAR 

OF POWER OF SOLAR ARRAYS FOR ISOLATION AND/OR 
MAINTENANCE 

• OISfRIBUTION BUS FABRICATION - DEVELOP TECHNIQUES 
FOR PROCESSING AND TOOLING FOR MANUFACTURE OF 
BUSSES 



Figure 2.4-6. 


PDS Component Development (1981-1985) 


2.4.3 INTEGRATED GROUND TEST 

t ‘ 

This phase of early development is summarized in Figure 2.4-7, and will 
consist of verification of design concepts and evaluation of hardware perform- 
ance to establish specification parameters as related to subsystem performance 
requiremLts. Integrated ground testing will be conducted first in an ambient 
laboratory environment and, ultimately, in simulated space environment and 
tested in conjunction with power conversion subsystems as described in t e 
previous section (Section 2.3), A full-scale prototypical rotary joint 
section would be constructed, as shown in the figure, as a basis for testing 
to verify assembly /maintenance/ performance of the joint under ambient and 
thermal conditions. Tests would be conducted to verify and demonstrate 
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integrated subsystem prototype design concepts and the performance of switch 
gear, regulators, batteries, and conditioning components, EMI filtering 
requirements would be derived from these laboratory tests. 


STKANDEO CABLE 


BRUSHES' 



page is 

DP POOR QUALITY 


FULL SCALE SEOtON ROTARY JOINT “ CONDUCT 
TESTS TO VERIFY ASSEMBLY/MAINTENANCE/ 
PERFORMANCE OF ROTARY JOINT UNDER THERMAL 
CONDITIONS 

CONVERTERS. SWITCHGEAR, ENERGY STORAGE. 
AND CONTROL - CONDUCT TESTS TO 
DEMONSTRATE AND N^RIFY THE DESIGN CONCEPT 
CONDUCT SWITCH GEAR OPERATIONS AND 
DETERMINE EMI FILTERING REQUIREMENTS. 

INSTALLATION OF POWER CABLES » 

DEMONSTRATE ABILITY TO INSTALL POWER 
CABLES AND MAINTENANCE PROCEDURES 


SLIP RINO 

MAT!: 75% Mo S2, 25% Mo + To * 
SURFACE AREA: 12,903 CM^ {EA RING) 
NUMBER: 4 TOTAL (2 POS., 2 NEG .) 

■ RATING: 112,500 AMPS 

BRUSH 

MAT'L: 75% Mo S,, 25% Mo + To 
NO. REQD FOR EACH SLIP RING: 16 
CONTACT AREA: 1651 
RATING: lOOAMPS/CM^ (MAX) 



I KV 40 KV 40 KV 


Figure 2.4-7, Integrated Ground Test 


2,4.4 SPACE TEST PROGRAM 


Laboratory and environmental testing of power distribution components and 
integrated subsystem elements would be followed by final in-site space verifi- 
cation demonstrations utilizing the GEOSAT multi-test system and selective 
Shuttle sortie experiments, GEOSAT testing will be discussed later in 
Section 2.6. 


Proposed power conditioning sortie experiments would be designed to per- 
form testing under space environments to obtain data on high-voltage plasma 
losses and spacecraft charging which cannot be obtained through ground testing. 
The data would be utilized to improve design concepts and for Improving circuit 
designs. It is likely that these experiments can be planned and conducted in 
conjunction with power conversion subsystem sortie experiments in a single 
dedicated sortie mission. More detailed sortie mission concept definition is 
required when system and subsystem point-design and operational parameters and 
requirements are established as system baselines. Proposed sortie experiments 
are outlined in Figure 2,4-8. 
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IZEj 3,5 KW 

VOLTAGE; 1000 VOLTS - 5000 VOLTS 


• PLASMA tossr.s3nii<iii^TAQi. “ 

IIOLLS ON SLGMINTLD FLAT CONDUCTORS TO 
EVALUATE PLASMA LOSSES AT HIGH VOLTAGE 

• SUPERCOI 4DUCTIVITY POWER CABLES*- OBTAIN _ 
data of a SMALL SCALE SUPERCONDUCTIVE POWER 
CONDUCTOR AND EVALUATE PERFORMANCE 
CHARACTERISTICS 


Original page 

OF POOR QVAn 


♦DEPENDS ON RESULTS OF EARLY ANALYSIS 


PDS Sortie Experiments 


Figure 2,4-8. 

A superconductive 

:rr“::p:srrin ferid " 0^1 leaslMUt, laboratory testln. 
in the early experimental research program. 

2. 5 structure/ assembly 

Developing the capability for requirement for” the SPS^'program. 

low-density structures in space demonstration of SPS-type structure 

The degree to which ground developme sizes and mass involved, and 

can he accomplished is ^^''^^^^^^^^Ti^^structLes subsystem, therefore, requires 

f to;^r:rr:tce rtetpjni activ^y . 

ttifg°rrovteft;ost-e«ttiv; tetod for resolving the critical technical 
issues involved. 

Currently postulated atructures test !ott 

plan task elements are summarized xn Table 2.5 analysis 

flow for this subsystem area nvo ’'®a early experimental research and 

and the math modeling effort ^a“mended for early exper 
subsequent structural ground testing of basic struccur 
ted beam/girder components. 
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Table 2.5-1* SPS Subsystem Critical Technology Development 


Summary 


EARLY DEVELOPMENT PHASE 

CRITICAL TECHNOLOGY ITEM 

EARLY ANALYSIS/ 
EXPLORATORY lAB TESTS 
1978-1980 

• STRUCTURAL DESIGN CRITERIA & 
VERIFICATION 

• MATERIALS DEVELOPMENT 

• NUMERICAL CHARACTERIZATION 

• CONSTRUCTION EQUIP. DEVELOPMENT 
•ATTITUDE CONTROL TECHNIQUES FOR 

VERY LARGE FLEXIBLE STRUCTURES 

• ACS ELECT PROP. SYS. DEVELOPMENT 

COMPONENT DEVELOPMENT 
1981-198S 

•CONST. EQUIP DESIGN, FAB & CHECKOUT 
■ STRUCTURAL ELEMENT VERIFICATION TESTS 

INTEGRATED GROUND TESTING 
1982-1987 

• INTEGRATED CONSTR. EQUIP & STRUCTURE 
FAB, TEST & CHECKOUT 

SHUniE SORTIES 
(SHARED & DEDICATED) 
1982-1987 

• MATERIAL AGING CHARACTERISTICS (SHARED) 
•ON-ORBIT FAB & TEST 

• ON-ORBIT ANTENNA STRUCTURE FAB 
& TEST (DEDICATED) 





The progressive development flow from early experimental research through 
component element development, integrated low-g ground test and, ultimately, 
full-scale orbital assembly demonstrations is summarized in Figure 



Figure 2.5-1. SPS Structures Subsystem Critical Technology 

Development Schedule 
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2.5*1 SRT— EARLY ANALYSIS /EXPERIMENTAL RESEARCH 

Proposed early analysis/exploratory research tasks are outlined in 
Table 2.5-2, and further described below. 



I 

i 

I 

) 

i 

I 




;r 


Table 2.5-2., SPS Structures Subsystem Early Analysis/Experiraental 

Research Tasks 


STRUCTURAL DESIGN CRITERIA AND VERIFICATtON 
TASK DESCRIPTION 

•^DEVELOP CRIPPLING ALLOWANCE FOR SPS ULTRA-THIN-WALLED SHAPES BY TEST 

/determine IMPACT OF INITIAL IMPERFECTIONS, OR ECCENTRICITIES AND TEMPERATURE 
DELTAS ON STRUCTURAL SUBELEMENT PERFORMANCE 

/ OPTIMIZE SUBELEHENT SHAPE BY COMBINATION OF TEST AND ANALYSIS 

/ DEVELOP DETAILED SUBELEMENT JOINT DESIGN 


MATERIALS DEVELOPMENT 
TASK DESCRIPTION 


/DEVELOP DESIGN DATA FOR THERMOPLASTIC COMPOSITE SYSTEMS (E.G., GRAPHITE/POLYSULFONES) 

/DEVELOP WELDING AND FORMING PROCESSES FOR COMPOSITE SYSTEMS AND METALLICS MOST 
COMPATIBLE WITH ON-ORBIT FABRICATION 


NUMERICAL CHARACTERIZATION 
TASK DESCRIPTION 

/ MODEL SUBELEMENT (STRESS) 

/model basic beam (STRESS AND DYNAMIC) 

/MODEL TRI-BEAH GIRDER (STRESS AND DYNAMIC) 

/ MODEL ANTENNA STRUCTURE 

/update and refine MODELS BASED ON TEST DATA 

/MODEL SPS SATELLITE (STRESS AND DYNAMIC) 

NOTBt THIS TASK EXTENDS INTO THE LATE 1980 »S AS IT RELIES ON RESULTS FROM 
GROUND AND ORBITAL TEST PROGRAMS 


CONSTRUCTION EQUIPMENT DEVELOPMENT 
TASK DESCRIPTION 

/DEVELOP DETAILED SPS CONSTRUCTION SCENARIO 

/IDENTIFY CONSTRUCTION EQUIPMENT AND DEVELOPMENT DESIGN CONCEPTS 
/DEVELOP GROUND AND LEO VERIFICATION PLAN 


ATTITUDE CONTROL TECHNIQUES FOR VERY FLEXIBLE LARGE STRUCTURES 
TASK DESCRIPTION 

/develop PREFERRED STRUCTURAL DYNAMIC MODELING, INCLUDING THERMAL BENDING 
EXCITATION OF STRUCTURE 

/develop ATTITUDE CONTROL POLICIES AND TECHNIQUES TO MINIMIZE STRUCTURAL EXCITATION: 
PROVIDE ACTIVE STRUCTURAL DAMPING AND MINIMIZE STRUCTURAL BENDING FREQUENCY REQUIRE- 
MENTS 

/define GROUND AND SPACE TESTING PROCEDURES NECESSARY TO CONFIRM STRUCTURAL DYNAMIC 
CHARACTERISTICS 


ACS ELECTRIC PROPULSION SYSTEM DEVELOPMENT 

TASK DESCRIPTION: DEVELOP DESIGN OF ION THRUSTER WITH FOLLOWING FEATURES: 

/develop DESIGN OF ION THRUSTER WITH FOLLOWING FEATURES 

• LONG LIFE (>30 YEARS) 

• HIGH Isp (>10,000 SEC) 

• MINIMUM POWER PROCESSOR REQUIREMENTS (I.E., DIRECT FROM SOLAR ARRAYS) 

• OPTIMIZED ENVELOPE SIZE 

• MINIMUM CONTAMINATION 
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2.5.2 STRUCTURAL DESIGN CRITERIA AND VERIFICATION 


This task addresses the development of the cap section 
beam element produced by a beam machine, as shown in . lieht- 

caps are basically compression columns made up of closed 

enlng hole cutouts incorporated to produce maximum radius of gyration (p) for 

a given equivalent cross-sectional area. Failure of this cap 

to^a variety of mechanisms such as local buckling (crippling) , column buckling 

of either the overall section or the elements between , 

Instability, or a combination of the above. Developing an 

cap section must consider not only the basic failure mechanisms described 

above, but also the detrimental effects of Initial “ra°urr““’ 

trlclties introduced during the fabrication processes and the temperatur 
gradients across the section due to shadowing in both the construction and 
®refarioLl“nvironments. The objective of this task is to l-elop an optimum 
action based on test and analysis, that considers the above factors, the 
ability to fabricate same on orbit, and Joining concepts. 


.•vdiacam nifiPER SECTION 



2.5.3 MATERIAL DEVELOPMENT 

composite systems, particularly thermoplastic systems ^ave a high poten- 
tial for extensive application to SPS structures because of their hi-gn specifl 
sKLert low thermal expansion coefficient (a), and the low energy required to 

rew lnd’fo™ tSr MecLnical and chemical P-P^f tevflTf' 
plastic systems, such as graphlte/polysulfone, must be defined to a level of 
Lpth similar to those developed for structural aluminum in MIL-HDBK 5. 
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2.5.4 NUMERICAL CHARACTERIZATION 

Highly accurate predictions of structural performance from the initiation 
of on-orbit construction to operational end of life must be developed via 
finite element computer models. The techniques for constructing these finite 
element models are available, but have not been applied or verified for large 
space lightweight structures like SPS, Numerical models of the simplest ele- 
ment up to and including a complete SPS structural system should be constructed 
in the early period of SPS development. These models should be continuously 
updated, based on ground and orbital test results. Assembly tolerance, joint 
effects, thermal distortion, and unique crippling capability are a few of the 
easily definable effects which will cause modification to the models as a 
result of ground and orbital testing, 

2.5.5 CONSTRUCTION EQUIPMENT DEVELOPMENT 

A construction scenario which describes an SPS fabrication and assembly 
sequence down to the **nuts and bolts** level is required. From this scenario, 
the required construction and support equipment can be identified and detailed 
design concepts generated. This approach is necessary in the early period of 
SPS development to assure that all equipment, such as the beam machine, that 
requires technology development and/or qualification is identified and that 
a plan for detail design, fabrication and ground/orbital verification testing 
is laid out consistent with the overall development schedule. 

2.5.6 ATTITUDE CONTROL TECHNIQUES FOR FLEXIBLE LARGE STRUCTURES 

The very large SPS structure results in orders of magnitude lower bending 
frequencies than contemporary spacecraft, and can approach the environmental 
disturbance frequencies. The development of new attitude control logic, com- 
pensation, and mechanization techniques are necessary to permit satisfactory 
control when bending frequencies are within the required control bandwidth. 
These techniques include independent mode cotitTol^ distjcibuted ^ctu^toTSf 
and the use of observers or estimators to support the active mode control 
policies. 

The lightweight structure employed in SPS has thermal response time 
constants that are considerably smaller than the structural bending time 
constants. Hence, the thermal bending due to earth shadowing can be a major 
disturbing influence to structural excitation and the attitude control system. 
For this reason, new structural dynamic/control system modeling must be 
developed which incorporates the thermal bending disturbance source. 

2.5.7 ACS ELECTRIC PROPULSION DEVELOPMENT 

Work performed has illustrated that high-performance (high specific 
Impulse) electric thruster technology is required to prevent very large and 
costly RCS propellant resupply requirements that result from attitude control 
and stationkeeping requirements over the projected 30-year SPS lifetime. 
Improved thruster lifetimes, relative to current laboratory thrusters, are 

required to prevent excessive on— orbit maintenance requirements. 
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^,5,8 COMPONENT DEVELOPMENT 

The component development phase would extend the early construction equip- 
ment concept development and design effort Into the prototype hardware phase 
including detail design and fabrication of initial prototype hardware for test 
and checkout, and production of required beam elements for use in ground struc- 
tural element verification tests. The following two general tasks are pro- 
posed. 

Construction Equipment Fabrication and Checkout . This effort is essen- 
tially a Phase C/D for the construction equipment Identified and conceptually 
designed in early concept development. Fabrication is limited to the equipment 
that is either totally, or at the component level, an advancement in the "state 
of the art” and requires demonstration, verification, and/or qualification. 

Test and checkout is initially limited to ground test and the definition of 
orbital test requirements. Fabrication of sufficient beam elements to support 
structural element ve iflcation is also part of this task. 

Subtask elements would Include; 

• Detail design and fabricate one set of construction 
equipment (beyond "state of art" only; multiple beam 
builders may be required) . 

• Test and checkout of equipment amenable to ground test. 

• Fabrication of a sufficient quantity of beam elements to 
support structural integrity ground testing. 

Structural Element Verification Tests . This task is typical of any 
structural verification or qualification program undertaken in the aerospace 
industry, except that the test configuration and test conduct must either 
eliminate the effects of a 1-g environment or allow post-test analytical mod- 
ification of the test results. This testing will be limited to beam element 
hardware developed earlier. Test results will be fed into the appropriate 
finite element models to verify simulation results. 

Subtask elements would encompass the following; 

• Conduct compression, bending, torsion, and combined load 
tests of beam elements fabricated during construction 
equipment development. 

• Conduct frequency response tests, and develop structural 
element frequency characteristics. 

• Update computer models. 

2.5.9 INTEGRATED GROUND TESTING 

Structures integrated ground testing needs to be developed in further 
depth, but should be planned to make use of existing NASA/ Industry test 
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facilities. This test effort would combine beam elements for the first time, 
and verify beam element to beam element joining techniques. Subsequent to 
fabrication and assembly technique development, stnictural testing would be 
conducted to develop joint action and efficiency data in support of finite 
element models. Developmental test effort could involve the fabrication of 
a scaled-down tri-beam girder transverse frame on an air-bearing table 
utilizing beam machines, applicable jigs, articulators, and other joining tools. 


Fabrication of a typical SPS three-dimensional joint is also visualized, 
using neutral buoyancy facilities as sho\^n in Figure 2,5—3. Specific struct* 
ures integrated ground test experiment definition will depend upon point 
design structure characteristics and specifications, and upon detailed guide- 
line SPS construction scenarios still in development. 






NOTE; AIR BAGS INTERNAL 

TO BEAM CAN BE USED 
TO SIMULATE ZERO G 
ENVIRONMENT 



Figure 2.5-3. Neutral Buoyancy Tank Joint Test Specimen 


2.5.10 SPACE TEST PROGRAM 

Orbital structural fabrication and assembly techniques utilizing automated 
beam machines and tri-beam girder assembly equipment are key elements in veri- 
fication planning and must, ultimately, be demonstrated in the zero-g environ- 
ment. These orbital experiments/demonstrations would be conducted from 
baseline and extended-duration orbiters, and would progress from early 
’’suit case" construction equipment- joining and fabrication experiments through 
full-scale SPS structural element fabrication, and two-meter beam fabrication 
to more complex full-scale tri-beam construction operations, and utilization 
of the assembled tri-beams for prototype MPTS antenna construction and major 
vehicle construction fixtures. Two major task elements are proposed, as 
discussed below. 

Orbital Fabrication and Test. This task would compose two major orbital 
test experiments. The first is^ shared Shuttle sortie mission that fabricates 
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and tests a 50-in basic beam element utilizing a beam machine that has previously 
been qualified by ground test. Compression, torsion, and frequency response 
testing can be accomplished using chemical thrusters with the same propulsive 
characteristics as the ion thrusters being developed for the SPS program. Test 
results will be fod into finite element models. This proposed sortie mission 


is depicted in Figure 2.5-4. 


• ASSUMES BEAM MACHINE 
AVAItAStE 

• SHUmE POWER SUFFICIENT 
FOR EXPERIMENT 

• REQUIRES SHUniE/BEAM 
BUILDER PECULIAR JIGS 
ft FIXTURES 

• DEMONSTRATES 

• ON-ORBIT FABRICATION 

• IN-SITU RESPONSE TO 
COMPRESSION ft TORSION 
LOADS ft DELTA TEMPERATURES 

• SMALL SECTION OF BEAM ELEMENT 
RETURNED IN SHUHLE FOR FAB 
QUALITY EVALUATION 





Figure 2.5-4. Shared Shuttle Sortie 2-m Tri-Beam Element Fab and Test 


The second experiment would be the on-orbit fabrication and test of a 
full-scale tri-beam girder, as shown in Figure 2.5-5. This will require two 
or three dedicated Shuttle flights, and assumes availability of an auxiliary 
power module. This experiment demonstrates the use of six beam machines work- 
ing concurrently, which is the basis of the Roclavell construction plan. The 
development of a construction module is charged against this task. The result- 
ing tri— beam may be subjected ^o structural testing and then utilized for 
further development activity. 

•ASSUMES BEAM MACHINES & 
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On-Orblt Antenna Structure Fabrication and Test* This would be the final 
structural test proposed for the SPS structural subsystem development effort. 
This task Is the on-orblt Shuttle-assisted fabrication and assembly of an SPS 
microwave antenna structure. Approximately ten dedicated Shuttle flights and 
a full complement of construction equipment are required. This experiment 
will demonstrate and verify the major aspects of on-orblt construction results 
In the tension web /compression frame microwave antenna structure shown in 
Figure 2.5-6. 



r' 




Figure 2.5-6* Tension Web /Compress ion Frame 
Microwave Antenna Structure 

2.6 GEOSAT MULTI-FUNCTION TEST SYSTEM 

A multi-function GEOSAT, capable of Shuttle launch to LEO and electric 
self-propulsion during orbital transfer to geosynchronous altitude, would pro- 
vide the principal SPS satellite effort during the technology verification 
phase. The proposed GEOSAT test system will support environmental testing of 
critical SPS components and subsystems, and will also operate in conjunction 
vrLth the 1-km linear ground antenna array for far-field microwave phase control 
testing. 

A preliminary conceptual ske|;Gh of the SPS GEOSAT system is shown in 
Figure 2.6-1. The SPS GEOSAT test system will include the following hardware 
test elements. 

• Beam-mapping subsatellite - Used in conjunction with ground-to- 
geospace microwave phase control and beam quality tests. 

• Pilot beam transmitter module - To provide retrodirective signal 
to ground 1-km line array. 
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• OPTS Klystxon-RCR component test module " 

voltage plasma interaction tests and evaluate RPI characte 

istlcs. 

• Modular GaAs solar array elements ( alOO kWe) - To conduct 
high-voltage testing and evaluate solar 

d^radation in geosync and during Van Allen Belt traverse. 

• High-voltage power distribution and slip ring snhsystem - 

To simulate end-to-end power chain efficiency and high-voltage 

plasma effects. ^ 


PBIGINAL PAGE 
PE POOR QUAU'/ 


SYSTEM aeMtNTS | 

• BEAM MAPPING SUBSATELUTE 

• PILOT BEAM MODULE 

• MPTS COMPONENT TEST MODULE 

• ELECTRIC THRUSTER PROPULSION MODULE 

• MODULAR GoAi SOLAR ARRAY 

• HIGH VOLTAGE POWER DISTRIBUTION - 
ROTARY JOINT SUBSYSTEM 



Figure 2.6-1. SPS GEOSAT System Elements 


, , _ . , « A /'NHnvowave Power Transmission System), the 

As CEOSAT systL illuminates the ground antenna linear 

pilot-beam element of the GEO y source retro-electronics which, 

array where the beam is receive ^ GEOSAT. The beam is 

in turn, phase the line source to ^ ^ full-scale one kilometer in the 

a fan beam since the line source apert (--1 m) in the north-south 

Lst-west direction, but only one power module wide (<..1 mj in 

direction. 

u PFOSAT DieKvback subsystem operates in a free-flying mode 

and p^hes”:^ patferf hr-tro^ drifting in an east-west pattern. 

Along with those orbital test verification 

testing, the GEOSAT EOTV This offers 

of the solar array, power distribution, a ttle orbit transfer radiation 

the opportunity to perform ^ ^ reflectors, and long-duration 

degradation evaluations of -^lar^cells operational 

operational tests dL GEO. i- H-l Qi-ribution and control as a system 

tests of solar array, thfkL The solar array 

design for EOTV is basea on J; . qolar collector structure/ attitude 

will provide the SPS g^„y performance. An additional benefit 

from this approach is the ^ expected to be available to 

results of this evaluation, adequate data are expecrea 
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enable program decisions to be made In 1987 relative to SPS operational status. 
GEOSAT power conversion and distribution test elements and subsystem character- 
istics are shown In Figure 2,6-2. 



• PERFORMANCE VfcftIFtCATION * PERFORM 100 KW SYSTEM 
OPERATION TEST TO VERIFY ARRAY PERFORMANCE HAVING 
CR -2 (INCLUDES KLYSTRON LOAD, POWER DISTRIBUTION, 

& CONTROL), ASSESS PROBLEMS OF START UP/SHUTDOWN 
FOR ECLIPSE 

• SOLAR COLLECTOR STRUCT ./ATTIT, CONTR. INTERACTIONS ~ 

OETERMI NE ARRAY SENSITIVITY TO MISORIENTATION , 

REFLECTOR SURFACE CHARACTERISTICS, AND ECLIPSE THERMAL 
CYCLING 

• HIGH VOLTAGE ARRAYS - EVALUATE LEO/GEO SOLAR ARRAY 
PLASMAS INTERACTION AND SPACECRAFT CHARGING 
EFFECTS, DEVELOP TECHNIQUES AND CONCEPTS TO 
MINIMIZE EFFECTS ON SYSTEM PERFORMANCE 

• RADIATION DEGRADATION - VFRtFY LEO/GEO SOLAR CELL 
AND REFLECTOR RADIATION DAMAGE. 

• performance VERIFICATION - PERFORM SUBSYSTEM 
TEST AND EVALUATE REGULATORS, SWITCHGEAR, 

POWER CONDITIONING, CONTROL AND 
DISTRIBUTION BUS (INCLUDING SOLAR ARRAY 
AND KLYSTRONS). 

• SUP RING/BRUSHES - VERIFY SCALED DOWN MODEL 
AND EVALUATE HIGH VOLTAGE SLIP RING/BRUSH 
ASSEMBLIES. 

• HIGH VOLTAGE DISTRIBUTION - EVALUATE LEO/GEO 
H.V. DISTRIBUTION PLASMA INTERAaiON AND 
SPACECRAFT CHARGING EFFECTS. 


Figure 2.6-2. PC (GEOSAT) EOTV (1986-1988) 


Further preliminary concept definition of this geosynchronous test system 
Is required to establish preliminary system performance requirements and oper- 
ational characteristics, including orbital mechanics, power, and Shuttle bay 
compatibility. An important concept development issue is whether to conceive 
a fully integrated SPS dedicated test article system, or to evolve a satellite 
system consisting of a standard multi-mission SEP’s type vehicle bus with 
attached SPS payload modules for each of the critical subsystem test elements. 


2,7 STS PROPULSION TECHNOLOGY 

The development of SPS transportation support system elements is also a 
key element of the SPS verification plan. Development phasing of key STS 
system elements is summarized in Figure 2.7-1, 

The basic assumption which essentially controls this development schedule 
is the 1987 go-ahead decision for SPS Phase C/D. The IOC of Shuttle growth at 
this time would significantly reduce launch vehicle costs (dollars per pound 
to orbit) in the post-1987 development phase. As presented earlier, the need 
for the GEOSAT gives focus to the near-term development of argon-ion electric 
thrusters and power processors. The schedule for the two-stage chemical OTV 
reflects the current engine development work being conducted for a Space Shuttle 
upper stage, thus the relatively short duration of the C/D phase for this system. 
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Figure 2.7-1. SPS Transportation Systems Development 
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Holding to a new HLLV Phase C/D ATP of GFY 1987 results in more than adequate 
time to fully assess the capabilities of any new concept which may primarily 
be dedicated to the SPS program. 


In the evolution of mass transfer capability in support of the SPS 
development scenario, cargo bay modularity is an important parameter; this 
is Illustrated in Figure 2.7-2. 


SPACE SHWTTLE-OERIVEO ELECTRIC OTV 
SHUntE ^ HUV (ARGON-ION) 

(SHUTTLE GROWTH 
CARGO VERSION) 



NEW HLLV 
(ROCKWELL FWTO) 




li 


il 


I 


!l 

i 


«« the CHEU-HESUPPU 

Figure 2.7-2. SPS Transportation Systems 

SPS transportation system concepts are depicted approximately to scale 
with their payload capabilitxes » These systems are based on cargo trans- 
fer effected via an independent electric OTV with subsequent satellite construc- 
tion at GEO. It is noteworthy that payload mass and size compatibility is 
assured between launch vehicles, OTV*s, and the crew/resupply module (CRM). 

The two-stage chemical OTV is used in the CRM, but can be employed for "priority" 
cargo if needed. The RocWell FWTO returns the CRM to earth as well as expended 
OTV’s for refurbishment and refueling. 

A preliminary overview summary of proposed STS technology tasks is shown 
In Table 2.7-1, which indicates the major systems analytical and developmental 
efforts for the 1978-1988 era. The SRT requirements for Shuttle growth have 
been documented in detail in the final report of the Shuttle Growth Study 
(NAS 8-3 2015 ) . Tasks for the remaining SPS transportation systems are, for the 
most part, self-explanatory but have to be described at a higher level of 
definition at this time. Task scheduling and phasing are shown in Figure 2.7-3. 




2-41 


SD 78-AP-0023-6 


SD 78-AP-0023-6 






Table 2.7-1, SPS Transportation Systems Task Definition by Program Element 


V PROGRAM 

SPSS^LEMENT 

TRAN^V 

PORTATION>. 

SYSTEM 


GROUND TEST PROGRAM 

SPACE TEST PROGRAM | 

EARLY ANALYSIS 
EXPLORATORY LAB EFFORT 

COMPONENT 

DEVELOPMENT 

INTEG GRD testing 

SHUTTLE 
SHARED SORTIES 

SHUTTLE 

DEDICATED SORTIES 


78-80 

81-85 

82-87 

82-85 

86-88 

SHUHLE 

GROWTH 

• DESIGN DEFINITION 
STUDY 

• WATER IMPACT 
DYNAMICS COMPUTER 
MODELING 

• BOOSTER PARACHUTE 
DESIGN 

• PPO FOAM TEST 
ARTICLE FAB 

• SUBSCALE VERIFICATION 
OF WATER IMPACT 
DYNAMICS COMPUTER 
MODEL 

• PRESSURE, THERMAL & 
IMPACT TESTING OF 
PPO FOAM TEST ARTiaE 

• BOOSTER SUBSCALE 
AIRBORNE DROP 
TESTS 

N/A 

N/A 

ELEaRIC 

OTV 

• EOTV SYSTEM 
SIZING/OPTIMIZATION 
STUDY 

• ARGON-ION THRUSTER 
& POWER MODULE 
LABORATORY TESTING 

• LARGE (100-150CM) 
THRUSTER/POWER 
PROCESSOR COMPONENT 
DEVELOPMENT 

• EOTV BREADBOWID 
TESTING 

• THERMAL-VACUUM 
CHAMBER TESTS OF 
EOTV PROTOTYPE 

• EOTV PROPULSION 
MODULE PROTOTWE 
TEST 

• EOTV PROPULSION 
SYSTEM FOR 
SPS GEOSAT 
(LAUNCH TO GEO) 

CHEMICAL OTV 
(PRJORITY 
CARGO & 
PERSONNEL) 

• COMMON-STAGE 
CHEMICAL OTV 
SIZING STUDY 

• CHEMICAL OTV 
MONITORING/SELF- 
TESTING COMPUTER 
EQUIPMENT 

• INTEGRATED 
PROPULSION SYSTEM 
TESTS 

(POST-87 TE 
SHUTTLE GR 

STING WITH 
OWTH SYSTEM) 

RI-FWTO 

• SYSTEM CONCEPT 
FEASIBILITY STUDIES 

• ENGINE DESIGN 
STUDIES 

• COMPUTER TRAJECTpRY 
SIMULATION PROGRAM 

• TURBOFAN-RAMJET 
ENGINE COMPONENT 
DEVELOPMENT 

• wingAankAps 

STRUCTURAL FAB & 
TESTS 

•WIND TUNNEL MODa 
TESTING 

• INHGRATED TURBOFAN- 
RAMJET TESHNG 
(MODIFIED J-58, E.G.) 

(NONE) 

• SUBORWTAL HYPER- 
VaOCITYTEST 
ARTICLES (2) 

CREW/RESUPPLY 
MODULE 
aEO— GEO) 

• CONCEPTUAL DESIGN 
STUDIES 

• LIFE SUPPORT 
SUBSYSTEMS 
COMPONENTS 
DEVaOPMENT 

• LSS PROTOTYPE 
TESTING 

(POST-87 TE< 
SHUmE GRI 

TING WITH 
DWTH SYSTEM) 



D 


Rockwell Intemationi 
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78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 


EXPLORATORY ANALYSIS 


SHLITTLE GROWTH 
(HLLV-90,000 KG 
PAYLOAD) 


ELECTRIC 

OTV 

(VARIABLEtPAYLOAD) 


CHEMICAL OTV 
(90,000 KG PAYLOAD) 


Ri-FWTO 

HLLV 

(90,000 KG PAYLOAD) 


CREW/RESUPPLY 

MODULE 


COMPONENT DEVELOPMENT 


INTEGRATED GROUND TESTING 

SHARED SORTIES 


DEDICATED SPOL SORTIES 


DESIGN DEFINITION STUDY, WATER IMPACT 


DYNAMICS COMPUTER MODELING. 


PPO FOAM TEST ARTICLE FABRICATION; GRD. PRESSURE, IMPACT & THERMAL TESTING 


YSTEM SIZING/OPTIMIZING STUDIE 


ARGON/ION THRUSTER & POWER 


MODULE LAB TESTING 


SIZING STUDIES 



FEASIBILITY STUDIES; TRAJECTORY 
SIMULATION PROGRAMS DEVELOP. 

ENGINE DESIGN STUDIES 


COMPONENT DEVELOP & BI^DBOARD TESTING | 


PROTOTYPE THERMAL - VACUUM CHAMBER TESTING 


MONITORING/SELF TEST COMPUTER EQUIP. DEVELOPMENT 1 
~ GRD. INTEGRATED PROPULSION SYSTEM TESTS 


ENGINE COMPONENT DEVELOPMENT; 
WINGAANK STRUCTURAL FAB & TEST 


WIND TUNNEL MODEL TESTING; TURBO FAN/RAMJET TESTING 


SORTIE PROPULSION 


MODUU TESTING 


CONCEPTUAL DESIGN 


I UFE SUPPORT SYSTEMS COMPONENT DEVELOPMENT & PROTO TESTING 

Figure 2,7—3. Task Scheduling and Phasing 
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2.8 TECHNOLOGY EXPERIMENTAL/VERIFICATION PROGRAM COST SUMMARY 

Technology verification program cost estimates, at this point in SPS sys- 
tem concept definition, can only be considered as broad gauges of probable, 
funding requirements subject to continuing review and assessment as the study 
effort narrows down system baseline definition and development planning options. 
Table 2.8-1 summarizes ROM funding estimates for the Option B development plan- 
ning scenario. . 

Table 2.8-1. Experimental/Verification Program Costs 


Program Phase 

• Experimental Research (1978-1982) 

• Technology Verification (1981-1987) 

• Prototype Development and Demonstration 

(1988-1998) 


ROM Cost 

$15-25 million 
$2. 5-3. 5 billion 
$25-35 billion 


Subsystem and experimental task cost breakdowns for the early analysis 
experiment program and the technology verification program are summarized in 
Tables 2.8-2 and 2.8-3. A preliminary cost summary for STS supporting system 
technology development is presented in Table 2.8-4. 

Table 2.8-2. Preliminary Cost Summary - Early Analysis 

(1980-1982) 



V IONOSPHERIC HEATING EXPMTS 
V'GEOSAT CONCEPT DEFINITION 
I^GRND TEST RANGE DEFINITION 

ANTENNA PATTERN CALCULATIONS 

V KLYSTRON / PWR TRANS I STOR DEF. 
RCR CONCEPT EVALUATION 

GaAs DIODE CONCEPT EVALUATION 


TOTAL 


(4000)*J^STRUCT. DESIGN CRITERIA & VERIF. 
(250)“ I/MATERIALS DEVELOPMENT 
250 l/NUMERICAL CHARACTERIZATION 
100 P'CONSTRUCTION EQUIP. DEVELOPMENT 
300 p'CONTROL SYST. CONCEPTS & REQMTS 
200 I^DEVELOPMENT & EVALUATION. ACS 
150 PROPULSION SYST. ANALYSIS 

1000 TOTAL 


•NON-ADD (REF. ONLY) 


POWER CONVERSION j 

I/' GaAs SOUR CELL ADV. DEVELOP. 

V CVD FAB PROCESS SCALE-UP 
SOUR CELL & REFLECTOR 

RADIATION TESTS 

V REFUCTOR PERFORMANCE TESTS 
V' HIGH-VOLTAGE (40 kV) SOUR CELL 

STRING DESIGN 

TOTAL 


in IPOWER DISTRIBUTION 

1300 J^HIGH-VOLTAGE/CURRENT XMISSION 
1600 SIMUUTION 

I^SPACECRAFT CHARGING ANALYSIS 
750 J/SLIP RING/ BRUSHES MATERIALS 
300 INVESTIGATION 

V'FUT CONDUCTOR JOINING PROCESSES 
200 EXPERIMENT 
l/SUPERCONDUCT. CABLE INVEST. 

U50 TOTAL 
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Table 2.8-3. Preliminary Cost Summary 


COMPONENT DEVELOPMENT ] 
J^MPTS 

l/POWER CONVERSION 
J^POWER DISTRIBUTION 
I/STRUCTURE/ASSEMBLY 

INTEGRATED GROUND TEST~ 

I^GRTF 

POWER CONV/DIST 
STRUCTURE/ ASSEMBLY 

SPACE TEST I 


I^SPS-GEOSAT 
V' SHARED SORTIES 
V" DEDICATED SORTIES 
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Table 2.8-4. Preliminary Cost 


STS ELEMENTS 


PROGRAM 

ELEMENTS 


EARLY 

ANALYSIS 

1978-1980 


SHUTTLE GROWTH* | 2.500 

/ PPO FOAM REUSABILITY 0.400 

/ WATER IMPACT DYN. MODELING 0.600 

/ LANDING SYSTEM DROP TEST 1.500 

ROCKWELL FWTO | 1.500 

/ CONCEPT FEASIBILITY STUDIES 1.500 

/ TURBOFAN-RAMJET ENGINE COM- 

PONENT DEVELOPMENT 
/ WING/TANK SECTION STRUCTURE 

FAB & TEST 

/ WIND TUNNEL MODEL TESTING 

/ INTEG TURBOFAN- RAMJET TESTING 

/ SUBORB I TAL HYPERVELOC 1 TY 

TEST ARTICLE 

ELECTRIC OTV (2.000 

/ ANAL & COMPONENT LAB TESTING 2.000 

/ LARGE 100 CM) THRUSTER DEV. 

/ BREADBOARD TESTING 

/ THERMAL-VACUUM TESTS 

/ PROPULSION MOD PROTOTYPE TESTS 

CHEMICAL OTV I -0- 

/ MON I TOR I NG/SELF-TEST I NG 

COMPUTER EQUIPMENT 

/ PROPULSION SYSTEM TEST 

TOTAL FORECAST 6.000 

*NON-ADD & DDT6E COST » $1.5 ¥ (1977) 
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Rockwell International 
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3.0 SUPPORTING RESEARCH AND TECHNOLOGY 

This section presents, in re^lslt^proof^of^ftanbi^ for critl- 

researoh tasks required to f Establishment of firm designs. 

aWeTh“^fti:r:ffany critical subsystem components/elements. 

The proposed supporting research and t-hnology CS^ tasks in this section 
are g^ed by maJor'^Lbsystem technologies as listed below. 

• Microwave Power Transmission Technology 

• Power Conversion Technology 

• Power Distribution Technology 

• Structures Technology 

• STS Propulsion Technology 

fomirincluring lisa^irtLrobre'ivrsr^^^ schedules, and costs. 

These proposed tasks reflect SPS 

foi^t^defigf dS:ioS^:nuJ^^^^ reassessment and 

updating of this preliminary SPS SET task plan. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TECHNOLOGY TITLE MICROWAVE POWER TRAMSMISSIOK TECHNOLOGY 


• TECHNICAL SUMMARY 

effort is to conduct critical early analyses and exploratory 
and^f energy transmission key technical Issue resolutlL 

and fundamental technical feasibility. The tasks in this plan address critical 
component definition issues relative to microwave power amplificatiorand trans- 
mlssion, ground power rectification, and initial definition of m^crowavfgwSnd 
requirements and characteristics. Computer simulation modeling, 
perimental lab development and engineering model evaluation will be performed. 


TASK SUMMARY 




FUNDING $K 


TITLE 



1) 

Ground Test Range Definition 

100 

150 

2) 

50 kW Klystron Definition 

200 


3 ) 

RCR Concept Evaluation 

100 

100 

4 ) 

Antenna Pattern Calculation 

100 


5 ) 

GaAs Diode Concept Evaluation 

50 

100 

6 ) 

Power Transistor Definition 

100 




650 

350 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE MPTS GROUND TEST RANGE DEFINITION 


• JUSTIFICATION 

A very large percentage of MPTS critical technical issues can be substantially 
resolved through a comprehensive, progressive microwave transmission ground 
development program. A more precise definition of required ground test range 
requirements and facilities is an essential prerequisite to initiation of MPTS 
subsystem development. 


• TECHNICAL OBJECTIVES 

To determine specific detailed verification test and performance requirements and 
test system concepts for ground to ground (near-field) and ground to geosynchronous 
orbit (far-field) verification testing of MPTS subsystem elements, Including inter- 
face parameters and requirements for a geosat multi-function test system operating 
in conjunction with a 1 km ground linear array. 


• APPROACH 

Task sequence will be to establish sequential technical issue resolution requirements, 
define overall test system characteristics and conduct system concept definition 
studies for principal ground test elements. Tlie following subtasks will be performed: 

a) Define MPTS critical technology verification resolution requirements as a 
parametric basis for proposed test system objectives. 

b) Describe overall sequential end~to— end MPTS system test characteristics 
including location, power requirements, instrumentation, etc. 

c) Develop preliminary design concept definition for 600 meter and 6 km 
ground to ground test ranges and a ground to geo 1 km linear array antenna 
installation. 




SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE MPTS GROUND TEST RANGE DEFINITION 


• MILESTONE SCHEDULE 


MILESTONES 


• VERIFICATION RESOLUTION 


GRD TEST REQTS 


• GROUND TEST SYSTEM 


CHARACTERISTICS/PARAMETERS 


• GRD TEST RANGE CONCEPT 


DEFINITION/DESIGN 


o 600m RANGE 


0 6 km RANGE 


0 GRD/GEO RANGE 


o GEOSAT INTERFACE 


DEFINITION 


CY 1980 


CY 1981 


CY 1982 


laQQQaaDQSEHaQQBQQQODQOEliaElDiaDQQDIlBBEIDIII 


niMUHiuHiiuiiiiMim 

■■■■I 

■■■■I 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE 50 KW KLYSTRON DEFINITION 


• justification 


must be completely characterized and defined before 
MPTS design definition can be initiated. Klystron electrical definition requires 

application of the floppy disc" digital electron-beam simulation program. ^Collector 
electron optics requires analogue simulation. f s em. 


• TECHNICAL OBJECTIVES 

Perform computational simulation in a computer-aided-design process to define an 
optimized SPS Klystron, generate initial design and assembly sequences and provide 
a basis for cost and performance prediction* ^ 


1. Assemble and proof analogue and digital programs 

2. Perform Klystron definition simulation optL-nization 

3. Generate design drawings 

4* Develop assembly flow scenario and instructions 


■ 

I 
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SPS SUPPORTIWG RESEARCH & TECHNOLOGY TASK PLAN 


MILESTONE SCHEDULE 


MILESTONES 


• ANALOG - DIGITAL PROGRAM 


ASSEMBLY & ANALYSIS 


• GENERATE KI/iL'TRON DESIGN 


OPTIMIZATION 


• GENERATE DESIGN DWGS 


• DEVELOP ASSEMBLY FLOW 


& PROCEDURES 


FAB & TEST PROTO LAB MODEL * 


CY 1980 


CY1981 


iHBEaB fflnBBBB lBBHfflHBlBH BHBia BBHfflBBIilllBBBBB 



■simiiiiii 

iiiiiiiiiiii 


iiiiiiiiuii! 

iiiiiiiiiiiii 


liilllllll 


m 


imssmsiiK! 


NOTES: 


*Proto Klystron lab model fab test projected as 
Component Development Task 


ORIGINAL PAGI.: ‘S 
OF POOR QUALITY 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE RCR CONCEPT EVALUATION 


• JUSTIFICATION 

An Integrated microwave - radiator/power converter module must be characterized 
and developed in detail as a necessary prerequisite to point-design MPTS perform- 
ance, mass and cost determinations. 


• TECHNICAL OBJECTIVES 

Perform development of a point-design RCR/Klystron module with required pattern, 
adequate cooling and an economical manufacturing process. Ohmic cost will be 
considered a major parameter. 


• APPROACH 

Resonant Cavity Resonator configurations of various characteristics will be designed 
and evaluated. Variants will include feeder placement, introduction of the klystron 
well, addition of heat-pipe grid, and use of choke joints for assembly. Experimental 
model will be tested in a space simulator for cooling performance, multipaction, 
temperature distribution and other performance characteristics. 
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SP;> SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE RCR CGNCEPT EVALUATION 


MI LESTONE SCHlEDULE 


OBIGINALP^ 
OP POOR qoauty 
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- 

SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 



# TASK TITLE MPTS ANTENNA PATTERN CALCULATION 


• JUSTIFICATION 

Microwave beam computed patterns taking into account all deviations from ideal 
behavior are required for projected point —design MPTS antenna concepts prior to 
developmental hardware testing. Later ground to geo line array pattern measurements 
must correlate well with antenna pattern modeling to verify antenna design adequacy. 



• TECHNICAL OBJECTIVES 

Assemble a specialized computer program for calculation of MPTS antenna array and 
line source simulation pattern behavior. 

% 

• APPROACH 

1. Construct an optimized computer program using as subprograms, existing programs 
for computing line and planar array patterns from the array excitation. 

2. The main program will identify excitation functions by calling subprograms which 
generate perturbations of the ideal excitations generated in the MAINGO. 

3. Evaluate and utilize the following subprograms; 

• MAINGO • WEIGHT • RECTNA 

• LOCATE • XFORMl • PRTPLT 

• RETRO • XF0RM2 • CRTPLT 

• STEER • VALUES • TBLPLT 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE ANTENNA PATTERN CALCULATION 


MILESTONE SCHEDULE 


MILESTONES 


o ASSEMBLE PROGRAM SEQUENCE 
& LOGIC 


Q INTEGRATE SUBPROGRAM 
ELEMENTS & TEST RUN 


o PERFORM SIMULATION 
CALCULATIONS 


0 DOCUMENT RESULTS 


ORIGINAL PA' 

OF POOR QUALITY 


CY 1980 

jIfImIaImIj TIa 


CY 1981 


QQQQQQQ Q[|QQQQQQ|QQQQ QQDBBSQE Q 




■■■Hi 

■■■■■■■ 

■■■■■■■ 


NOTES: 


• RESOURCE REQUIREMENTS 


• FUNDING 


FACILITIES 


FY 80 
$100 K 

(COMPUTATION) 


FY81 








SPS SUPPORTING RESEARCH 8t TECHNOLOGY TASK PLAN 


TASK TITLE GaAs DIODE CONCEPT EVALUATION 


n4 A A nrtroilflrv rectifier circuits must be characterized and developed as a 
prfreq^fsUe SP^ «r«nna configuration iefinition and cost and par£or»anca 

determination* 


• TECHNICAL OBJECTIVES 

perform this task in parallel. 


APPROACH 

The development of diode clsf ^1^^^ STANh'^nr KEPAC can 

^.rjnr^nrThf rAi Sieriii^uit p^^ 

oared with the computer program results. This will continue 

modified according to lab results then new designs are run. This will con 

until an optimum design is obtained. 

Rectenna performance will then be calculated in light of the optimum design 
parameters. 

Finally large-scale manufacture methods will be projected from the laboratory fab 
processes and volume production costs estimated. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASKTITLE GaAs DIODE CONCEPT EVALUATION 


MILESTONE SCHEDULE 




MILESTONES 


CY 1980 


CY 1981 












SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE POWEJi TRANSISTOR PRELIMINARY DEFINITION 


• JUSTIFICATION 


A preliminary concept definition and performance evaluation of three transistor 
power converters must be performed as a basis for the power module point design 
decision by 1981 prior to component development and verification. 


• TECHNICAL OBJECTIVES 

Evaluate the performance and S-O-A manufacturing potential for advanced power 
transistor development for application to MPTS power amplification. 


APPROACH 

Task will consist of an iterative process of data acquisition on GaAs parameters, 
calculation of optimized transistor performance and evaluation of production 
potential. 

The task sequence includes the following! 

a) Collection of preliminary GaAs parametric data 


b) CAD design of transistor using variation of Waterloo program - BIPOLE 

c) CAD design of amplifier circuits using either Waterloo - WATAND or RI - REPAC 

d) Fabrication and test evaluation of transistor and amplifier performance 

e) Refinement of GaAs data and efficiency projection 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TmSK PLAN 


• TASK TITLE POWER TRANSISTOR PRELIMINARY DEFINITION 


• MILESTONE SCHEDULE ORIGINAL 

OF POOR QUALXn 


MILESTONES 





C' 

f 1 

98 

0 

CY1981 

CY 1982 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

J F 

M 

A 

i 

E 

E 

IE 

I 

IE 

E 

Ql 

QBI 

ae 

ii 

ID 

IE 
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III 

II 
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GaAs DATA COLLECTION 
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II 
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CAD TRANSISTOR DESIGN 
















1 
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II 
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52 
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CAD AMP design 
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POWER MODULE SELECTION DECISION 
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NOTES: 


• RESOURCE REQUIREMENTS [ FY 80 | | py 82 

• FUNDING $100 K 

• FACILITIES 




• TECHNICAL SUMMARY 

design and trade off studies. The GaAlAs pnotovox ^ Ionized radiation levels 
of low weight, increased performance, hig minimum loss in performance compared 

and the ability to :rero ad^^^feir of ?he state-of-the-art, 

to Si cells and it should actively h _ff studies and fabrication, test and 


V.^^GaAa Solar G all Advanoad D.aalopiMnc - Iha ^“?n“at“aW InrSB'C 

;,'i:oSS.s r.-»KSf fn 
';s:iSf.“s.s.;“ ss s^rirroira^S” sli,! Lo.io.o... 

and testing are required to develop the GaAs cell. 

.in. v..ninntl,.n Process Scale-u^ - The “il^.^arhigr 

h^r^e rat^r^i^sruafinrl t«:i^re"ch;oLry^Le to Upo« the S.S 

1. Solar Cell & Re flector Radiation Test ^ - The radiation 

.a. oo.,o.u 

performance for the SPS mission. 

4. Reflector Performance Tests - The objective of ®“”oLties of 

industry and perform testj f f e CoLe^ntration 

reflective membranes of 12.. g^^IAs cells before an active 

ratios of approximately 7 to 8 ca . higher concentration ratio 

thermal control system would be •„”fi^i^,%|;,fbecomes very sensitive 

the design complexity increases an Preliminary analysis have 

to mlsorlentation angles with respect to f 5 attractive for 

indicated that concentration ratios of approxima y 
the SPS for a passive cooled solar array design. 

5. High Voltage (40 kV ) Solar minimize the power 

iifential for the reduction of power ^ ^tributxon weight 

distribution losses on the SPS. ihe mg B microwave antenna. This 


SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 

• task TITLE GaAs SOLAR CELL ADVANCE DEVELOPMENT 

ground^^urr^ulrran^array'’oSt^ delivering 5 GW of power to the 

end of life. Utilizing the OaAs type cell win’^rLult^inTeof hi 
approximately 30.6 km^ which is i ^ blanket area of 

need. The gLs cell offerfthe poLntlafof h^h 

deployment area, high efficiency at elevatsri ,®5^^‘^dency, low weight, reduced 
concentrators to be used for ohta^n^ opera ing temperatures which perraito 

GaAs cell is ™re reri^tanrto he spa^^rL^laM op to 5 to 7, a'nd the 

cells. ^ ^ space radiation environment compared to Si 

• technical objective?; 

fS:if^p:rLtan1et^^ "fia^iiLr.or’':p:Ll-u:a?t^t^ ^ 


Analyze, design and fabricate prototvoe cells u 

and tolerances that effect the^performance of*cpn characteristics, materials, 

output and voltage rating. Measure a and e nf ^P8^ade to improve power 

effects and assess impact of reducine stack. Determine 

cost and gallium avaiLbiUty! ?nv^ci“ rfand de^ ■”^8 

for large production rate. Assess optimum rell ^ improved cell interconnects 

blanket fabrication techniques and s^a^ 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE GaAlAs CELL ADVANCE DEVELOPMENT 


• MILESTONE SCHEDULE 


PA'!'' 
Oi" POOK orrA, : 


CY 1980 


MILESTONES 

Dl 

1 

I 

Q 


Bl 

D 

Bl 

i 

B 

Q 

B 


B 

1 

B 

!3 

0 



B 


B 

B 

D 

B 


B 

B 

D 

D 

B 

B 

B 

1 

1 

1. ANALYZE AND EVALUATE CELL 

1 

I 

1 

1 

1 




1 














1 














PAEAI4ETERS FOR INCREASED 

1 

1 

1 

1 

1 




1 














1 















■ 

■ 

■ 

■ 

□ 




1 














1 














EFFICIENCY 

n 


■ 

■ 

■ 





1 







! 














1 














2, DESIGN CELL AND DETERMINE 


1 







1 














1 














BEST FABRICATION METHODS 


1 







m 














1 











1 







■ 






1 







1 














1 













1 

3. FABRICATE CELL OF SPACE TYPE 
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4. PERFORM TESTS 
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5. REDESIGN CELLS TO INCORPORAT; 
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TEST IMPROVEMENTS 
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7. DOCUMENTATION 
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CY 1981 


CY 1982 


NOTES: 


• RESOURCE REQUIREMENTS 


FY80 


FY81 


FY82 


• FUNDING 

• FACILITIES 


$300 K 


$400 K 


$600 K 



















SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE CVD FABRICATION PROCESS SCALE-UP 


• JUSTIFICATION 

delivering 5 GW of power to the utility on the 
One nf require an array output of approximately 9.76 GW at the end of life, 

cost iR components that have a significant impact on the SPS weight and 

cost is the design and performance of the GaAlAs solar cell. The developLnt and 
refinement of the CVD fabrication process for the manufacture of GaAlAs Llls has 
the potential for high production rates for the cells. The CVD process has to be 
eveloped in order to obtain high performance cells with high manufacturing yields 
power°MSll.^°^^ required to ma ke the SPS economically viable with advLced 

• TECHNICAL OBJECTIVES 

will^rLfn? processes and design improved techniques and equipment that 

npnc h manufacture of high efficiency GaAlAs cells. Fabricate Ld test 

cells to demonstrate the improved CVD processes. 


APPROACH 


variables, tolerances and the equipment size have to be defined. Establish 
Lt yields, process times, mfg costs and plant size which are necessary to 

thr«!nd 'eqvi^^'H^nts and cell costs! wjL 

ill c!ii per^rriLc" minimizing losses and reduction in gallium content 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE CVD FABRICATION PROCESS SCALE-UP 


• MILESTONE SCHEDULE 


MILESTONES 


. DEFINE PROCESS VARIABLES 


ORIGINAL PAGR 1^ 

R quality 




CY 1980 


CY1981 


CY 1982 
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2. DETERMINE EQUIPMENT SIZE iUJJD 


PRODUCTION 





3. DEFINE FACILITY REQUIREMENTS 


. INVESTIGATE THE GALLIUM 


PROCESS FOR RECOVERY AND 


RECYCLING 


5. DEMONSTRATE CVD PROCESS 


CONTROL AND TECHNOLOGY 



■■■■ ■ ■ m i nMin niiiu wiMi 

BBwHHiHiSiniHBSi liiili 


■■■■MMimiiMiimiiiiiii 



• RFsnuRCE requirements 


FY81 


FY 82 


• FUNDING 

• FACILITIES 


$300 K 


$500 K 
TBD 


$800 K 
TBD 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE SOLAR CELL & REFLECTOR RADiATXON TESTS 


• JUSTIFICATION The radiation effects on solar cells and reflectors has been estimated 
to result in degradations of as high as 20 to 30% for the SPS type mission. The high 
degradation factors results in increased sizing of the SPS with additional weight and 
cost penalties. There is some preliminary data available that indicates these factors 
may be too high, A well balanced test program is required to obtain actual cell and 
reflector performance data for the radiation environment in order to design and 
determine the size and cost of the SPS with a higher confidence level. 


• TECHNICAL OBJECTIVES 

Conduct detailed analyses of the cell structure to determine methods and designs to 
increase the radiation resistance. Fabricate and test cells and reflective membranes 
to the radiation environment and correlate test data with analytically results. 


• approach 

Perform analyses and computer modeling of the devices to determine the performance 
for the radiation environment. Conduct radiation tests on space type cells and 
reflector specimens and correlate and compare data with math models. Develop and 
evaluate techniques to minimize radiation degradation such as thermal annealing of 
cells, increased thickness of reflector coating, development of Increased radiation 
harden solar cells. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE REFLECTOR PERFORMANCE TESTS 


• JUSTIFICATION technique to reduce the weight and cost of a SPS photovoltaic 

power conversion subsystem is to employ reflective membranes to concentrate the solar 
energy on the cells. The reflective membranes increase the solar energy falling on 
the cells and therefore the high cost solar cells are partially replaced by the utiliza 
tion of low weight, low cost reflective membranes. The surface reflectivity and 
optical properties of thin reflective membranes under tension in the space environment 
is practically non-existent. These design data are critical for the design of a solar 
concentrator photovoltaic power conversion subsystem. 


• TECHNICAL OBJECTIVES 

The objective of this effort is to determine the state-of-the-art of thin film reflec- 
tive membranes for space missions and assess techniques for developing manufacturing 
methods for thinner gages and improved performance. Perform tests of the membranes 
to determine the surface and optical properties for use in the design of the SPS 
concentrator configurations. 


• APPROACH 

Contact vendors and coating firms to determine the state-of— the— art of reflective 
thin film technology. Determine reflectivity values for thin film membranes based 
on coating thickness, surface properties, membrane tension, attachment devices, and 
manufacturing and deployment techniques. Determine tolerance variations on coatings 
and membrane thicknesses. Determine impact of membrane size and attachment device 
on reflectivity. Assess value of protective coatings and selective filters on 
reflector performance. 


• TASK TITLE REFLECTOR PERFOBMANCE TESTS 


• MILESTONE SCHEDULE 


ORIGINAL PAGE II- 
OF POOR QUALITY 




NOTES: 


• RESOURGE REQUHREMENTS | FY80 | FY 81 | FY 82 | 

• FUNDING $100 K $150 K v $50 K 

• FACILITIES 















SPS SUPPORTING RESEARCH 8t TECHNOLOGY TASK PLAN 


• TASK TITLE HIGH VOLTAGE (40 KV) SOLAR CELL STRING DESIGN 


• JUSTIFICATION 

High voltage solar arrays will be required to obtain a practical SPS design 
configuration. High voltage arrays have to be designed, developed and tested 
for space use. High voltage analytical and design data for solar arrays is 
non-existent for space applications. A design and development effort is required 
in order to obtain the basic technology data for use in the design and sizing 
studies for the SPS. 


• TECHNICAL OBJECTIVES 

Investigate the cell blanket design as to interconnections, dielectric strength, 
plasma leakage effects, and spacecraft charging isolation. Assess series parallel 
arrangements, effects of cell shadowing and variation in solar Intensity on the 
array and voltage form. 


• APPROACH 

Analyze and define potential problems of the baseline high voltage array. Configure, 
test and evaluate high voltage solar cell strings on typical blanket and structure 
configuration. Determine dielectric characteristics of array string as a function 
of voltage, materials of construction, and simulated on orbit environmental effects. 
Analyze and reduce test data for use in the design of high voltage solar arrays. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 



• MILESTONE SCHEDULE 


MILESTONES 


PERFORM ANALYSIS 


2. DESIGN St FABRICATE BASIC 


COMPONENTS FOR TEST 


CY 1980 


f POOK 


CY 1981 


CY 1982 


DQDBISDDQSQDIilDQDDEiBDQBEIQBOSt! QDD0QBI3DB 


3. CONDUCT COMPONENT TESTS AND 


EVALUATE RESULTS 


. design & FABRICATE ARRAY 


STRING FOR HIGH VOLTAGE 


TESTING 


5. CONDUCT TESTS OF ARRAY 


6. DEFINE ON ORBIT TEST PROGRA^: 


. DOCUMENTATION 


■■■■BRSS 

iniinimiiili 


NOTES: 


• RESOURCE REQUIREMENTS 

FY80 

FY81 

FY82 

1 


• FUNDING 

• FACILITIES 


$50 K 


$50 K 
TBD 


$100 K 

TBD 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK 

technology TITLE SPS POWER DISTRIBUTION TECHNOLOGY 


FLAW 





• Technical summary 


of the oveMll^PDrfor°Laluating*load vari^tl^ develop mathematical models 

effects upon the PDS. The analyfls will alo ®Pooecraft charging and transient 

be required and the best possible loLtion of thf filtering would 
analysis will be performed to determine lAetLr^ filters. In addition, in depth 

for SPS application and how it coulfbe best utin^f? effective 

best utilized for power distribution systems. 

brLre^rlnflirinr^atlo:: Tofnrnr trchnl" 


• TASK SUMMARV 





• 

High Voltage/Current Transmission Simulation 

450 

• 

Spacecraft Charging Analysis 

95 

• 

Sllp-Ring/Brushes Material Investigation 

120 

• 

Flat Conductor Joining Processes Experiment 

60 

• 

Superconduct. Cable Invest. 

125 



$850K 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE HIGH-VOLTAGE /CURRENT TRANSMISSION SIMULATION 


• JUSTIFICATION 

With an orbiting power station, it is essential that load variations, transients and 
faults be determined so that proper control requirements can be established to insure 
r.ontinuous power transmittal to the ground station. It therefore, becomes essential 
that mathematical models be developed for computer simulation to investigate load 
variations, transients and fault detection schemes. The simulation would then aid 
in locating critical areas where sensors could be located so that proper corrective 
action could be taken. 


• technical OBJECTIVES 

The objectives of the high voltage/current transmission simulation are as follows; 

1. Develop mathematical models of components and loads. 

2. Develop overall PDS mathematic model, 

3. Investigate load variation effects. 

4. Investigate transient effects. 

5. Investigate fault detection (perform short circuit analysis). 

6. Investigate EMI effects and where filtering should be employed. 


• approach 

This project will be divided into 4 separate phases. The first phase will be to 
identify and enumerate the engineering problems which must be solved to establish 
the requirements and outputs of the simulation. The second phase consist of build- 
ing the mathematical models for the simulator and to perform a baseline configuration 
run. The results will be reviewed and updated where necessary. In case of update, 
a rerun of the baseline will be performed. The third phase consists of the actual 
study phase of PDS, presentation of the solutions, and recommendations of changes 
as well as additions. The last phase consists of updating the models to the latest 
configuration and rerunning phase 3 to insure that the corrections made satisfies 
the requirements. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE HIGH-VOLTAGE/CURRENT TRANSMISSION SIMULATION 


• MILESTONE SCHEDULE 


MILESTONES 


OK IG INAL PAGJ^ T'> 




CY 1982 


. CONTRACT AWARD 


, IDENTIFICATION OF ENG. PROBL 


3, MODEL DEVELOPMENT 


COMPONENT 


SYSTEM 


. SIMULATION 


LOAD VARIATION 


TRANSIENT 


FAULT DETECTION 


5. UPDATE MODEL 6. RE-RUN (A) 


6. FINAL REPORT 


. RECOMMENDATION FOR FLIGHT- 


HARDWARE & EXPERIMENT 
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SPS SUPPORTING RESEARCH & TECHNOLOGY Ta3K PLAN 


• TASK TITLE SPACECRAFT CHARGING ANALYSIS 


• JUSTIFICATION 

In previous spacecraft vehicles, it has been found that under certain environmental 
conditions spacecraft charge affected various electronic functions. Some of these 
phenomenons have been investigated and reported. Since the SPS .5 required to 
transmit continuous power from the satellite to the ground, it is apparent that a 
spacecraft charge model be developed for determining spacing charge effects on the 
PDS and subsystems. 


• TECHNICAL OBJECTIVES 

1, Review existing spacecraft charge math models and determine how they could be 
implemented. 

2, Develop spacecraft charging mathematical model for the .aPS. 

3, Perform coordination with simulation engineers for incorporating the spacecraft 
charge mathematical model into the overall PDS simulation model. 


• APPROACH 

This project will be divided into three phases. The first phase consists of a 
review of existing spacecraft simulation models to determine whether they could 
be utilized in the overall simulation model or whether new models would have to 
be developed for the SPS configuration. The second phases consists of develop- 
ing a suitable mathematical model to be used in conjunction with the PDS overall 
mathematical model. After model has been completed, simulation will be mad 
confirm accuracy of model. The last phase consists of interfacing with simula- 
tion engineers for incorporating the model into the overall PDS simulation model 
and also participate in the simulation evaluation. 
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• MILESTONE ^GKEOULE 


Ma&TONLS 


.. CONTRACT AWARD 


2. REVIEW SPACECRAFT SIMULA- 


TION MODELS 


3. MODEL DEVELOPMENT 


ORIGINAL 

OF POOR QUAiii X 


CY 1980 


CY1981 


CY 1982 




HsaBifflssaBiiis 


lAi 


. INTERFACE MTHEMATICAL 


MODEL WITH OVERALL PDS 


SIMULATION MODEL 


. FINAL REPORT 




RESOURCE REQUIREMENTS 


FY80 


FY81 


3-32 






SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


* TASK TITLE 


SLIP-RING/ BRUSH >IATERIAL INVESTIGATION 


• JUSTIFICATION 

Transfer of large amounts of power to high voltages and currents through slip rings has 
never been performed In space. Test and performance data of high power slip rings for 
space Is critical to the successful design and operation of slip rings for the SPS, 


• TECHNICAL OBJECTIVES 

The objectives of the study consist of: 

1, Analyze slip ring design concepts and determine potential materials to use 
for the slip rings and brushes. 

2, Establish prototype model sizes, design components and fabricate for testing. 

3, Perform laboratory test to determine electrical, mechanical and thermal 
characteristics of the slip ring and brush assembly. 


• APPROACH 

1. Review design concepts of on orbit slip ring brush assemblies. Determine state-of- 
the-art of the technology and determine electrical, mechanical and thermal character- 
istics and per marc e of the design, 

2. Discuss high vojut.g. high current slip ring requirements with vendors. Voltage 
drop, friction factors, wear rate, arcing, current density, brush pressure, and 
temperature effects are critical to the design of the slip ring brush assembly for 
long life and high performance, 

3. Review SPS requirements and design prototype slip ring and brushes for testing. 

4. Perform laboratory casting of prototype components and correlate test data with 
analytical design results, 

5. Document results of the study and test programs. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE slip RING/BRUSH MATERIAL INVESTIGATION 


• milestone SCHgnm f 


MILESTONES 


REVIEW DESIGN CONCEPTS 


hardware materials survey 


DR^.N TEST HAf?mAPi7 


hardware FABRICATION 


COMPONENT TESTING 


DQCU>fENTATTnNr 


ORIGINAL PAGE Ih 
OP POOR QOALtlT 


CY 1980 


NOTES; 


■ 


® ni^j-iRCE REQU|REMENT<s 


• FUNDING 


• facilities 


FY 80 


FY81 


FY82 
























• APPROACH 

1. Review existing flat conductor cable jiolnlng concepts. Establish SFS cable sizes 
and determine number of joints that may be needed. 

2. Evaluate the various joining techniques such as conductive adhesives, mechanical 
clamping and/or weldments for potential use on the SPS. 

3. Design prototype joint for potential application to the SPS and fabricate. 

4. Gonduet tests bo determine electrical and mechanical performance and strength. 
Assess ease of on orbit assembly and reliability of joint. 


5. Docximent the results of the study and test program. 





SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE FLAT CONDUCTORS JOINING PROCESSES EXPERIMENT 


• MILESTONE SCHEbULE 


ORIGINAL PAUL ... 
OF POOR QUALITY 



CY 1980 


CY 1981 


CY 1982 


2. EVALUATION JOINING 


TECHNIQUES 



IIIIIIIIIIIIIIIIIIIIIIII9IIIIIIIIII 
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3. DETERMINE CHARACTER I ST TC.q 




NOTES: 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE 


SUPERGONDUG^rXNG POWER CABLE INVESTIGATION 


jySTilFICATIQN 

With orbiting satellites it is very i«uportant that numerous schemes be Investigated 
for possible reduction of the overall power and distribution weight so that trans- 
portation cost could be minimised. One such scheme is the utilization of super- 
conductive cables.. A cursory analysis Indicated that with such technique a 
reduction of approximately 1/2 in conductor weight could possibly be achieved. 


• technical OBJECTIVES 

The objectives of the study would be to: 

1. Develop exact mathematical physics of the superconductive state to determine 
design and perfortnance parameters for high current conductor elements. 

2. Analyze liquid and vapor helium thermal transfer configuration. 

3. Design the cryogenic refrigeration subsystem and transport cooling loop 
superconductive conditions. 

4. Investigate a control system for maintaining a 9° Kelvin state at the 
conductor site. 


• APPROACH 

1. Investigate and analyze the superconducting cables. Calculate heat leaks, operating 
temperatures, and cable sizes as a function of current earrying capacity, conductor 
length and materials of construction. Determine feasible and theoretical critical 
temperatures, and safety requirements* 

2. Based on the preliminary cooling capacity requirements, investigate refrigeration 
concepts and machinery and size the system. Betermine volume, weight, coefficient 
of performance, and system capacity. Establish radiator size and integrate with 
SPS configuration. 

3. Evaluate control requirements for cryogenic and super eonducting subsystems. 

4. Document study results* 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE SUPERCONDUCTING POWER CABLE INVESTIGATION 


• MILESTONE SC HEnm P thu ... 

OF POOR QUALITY 


MILESTONES 


. . CONTRACT AWARD 


2_^ ^PERCONDUCTIVm FACILITY 


STUDY 


CY 1981 


CY 1962 



MAINTAINING 

SUPERCONDUCTIVE 

CONDITIONS 



. DESIGN CONTROL SYSTEM 


5. FINAL REPORT & RECOMMENDA* 


TIONS 
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RESOURCE REQUI REMENTS 


• FUNDING $K 

• FACILITIES 


FY 80 




FY81 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TECHNOLOGY TITLE SPS STRUCTURES TECHNOLOGY 

• TECHNICAL SUMMA RY 

spLific^aspLts of research Js to develop technology associated with 
structural structural subsystem of an SPS (Solar Power System). Optimum 

^ element shapes will be developed based on design, analysis and test Lta 

of SPS configurations Kill h systems will he developed. Mathematical simulations 

ments to determined "ns He i sublectcd to simulated operational envlron- 

TeveL and sate^llL d structural integrity Including operational stress 

levels and satellite distortions. SPS structure construction scenarios will be senar- 

for ^rg^ou^ri^d" ■■’1 ^ Plan'geLr!"d“ 

r tne ground and on-orbit technology development of this equipment. Attitude and 
figure control technology and ACS propulsion .^-stem researches” IncludL L f^ 


TASK SUMMARY 


Structural Design Criteria and Verification 

Materials Development 

Numerical Characterization 

Cons true txon Equipment Development 

Attitude and Figure Control Techniques 
for Flexible Large Structures 

ACS Electric Propulsion Development 


$K 


Total 


3100 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE STRUCTURAL DESIGN CRITERIA & VERIFICATION 


• JUSTIFICATION 

At the heart of an SPS (Satellite Power System) large space structure is the beam eleraen 
fabricated on-orbit by a beam builder or machine. This beam element consists of ultra 
thin-walled lightweight cap sections, transverse struts, & tension braces combined to 
form an open triangular shape from either aluminum or composite materials. Optimizing 
these caps & struts for maximum specific strength (i»e», allowable operating stress 
level, 0, divided by the mass per unit length) dictates that cutouts be incorporated 
in their design. The allowable operating stress, O, is a function of both general 
buckling & local crippling of the selected material as influenced by the operating 
temperature & eccentricities caused by temperature gradients through the section, 
manufacturing irregularities & joint efficiencies. Optimized specific strength can 
only be determined by design variations supported by detailed mathematical simulation 
coupled, finally, with hardware testing. 

• TECHNICAL OBJECTIVES 

Develop optimized cap & transverse strut configurations compatible with: 

• Materials 

• Beam Builder Concepts 

• Force & Torque Levels 

• Ground Processing Techniques 


APPROACH 

This task will consist of three (3) phases conducted serially. The first phase will be 
directed toward - establishing the design requirements & criteria for a beam element 
based on existing study results from all government & industry sources. 

The second phase will be an iterative design & analysis process. This will result in 
one or more potentially optimum designs for both the longitudinal cap section & the 
transverse strut including joining details. 

The third phase will consist of the fab & test of the design/ s resulting from Phase 2. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE STRUCTURAL DESIGN CRITERIA AND VERIFICATION 


• MILESTONE SCHEDULE 


MILESTONES 


_PHASE I - REQUIREMENTS & 
CRITERIA 


PHASE II - DESIGN & ANALYSIS 


PHASE III - fab & TEST 


ORIGINAL PAGE IS 
LITY 


■ 


NOTES; 


• resource REQLJIRPMFMTQ 


• FUNDING 


• FACILITIES 


FY80 


150 K 


FY81 


FY82 


3 - 










SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE MATERIALS DEVELOPMENT 


• J USTIFICATION Advanced composite material systems have a high potential for 

application to SPS and other large space structures. Their high specific 
strength, low coefficient of thermal expansion (a) and the low energy required to 
foil ;!f “'em extremely attractiv^fron t^hn^cal 

sy sta?e-of!“ composite 
sveterth^t „ and dictate the use of an advanced high temperature 

o^rbif fabrlL%tnr Pnlyi^ide based resin. tL requirement for 

Plastic rafbov dictate a composite system that is classified as a thermo- 

™ - , ^an the thermosetting systems used for aerospace structures today. 

To apply these advanced systems to a detailed SPS structure design will reculre that 

"achanlcal properties data be generated to supply the des^gnL and 
Structural analyst with material design allowables. designer and 

• TECHNICAL OBJECri^S — 

great eL\otentLl^fL®a^*^^^°^^ advanced composite material systems with the 

w±l hp application to an SPS structural subsystem. This data guide 

will be similar in concept and level of depth to ’'Metallic Materials & Elements for 
Aerospace Vehicle Structures (MIL-HDBK-5B)". ^ 


• approa ch 

consist of three (3) phases conducted serially. The first phase will 
G^erLfnr^°r®'' “'nterlal requirements and criteria based on results of Listing 
of LtLLn^nv aerospace contractor SPS systems studies. This will consist primarily 
of determining the environment the materials will be subjected to throughout the ^ 
mission from launch to end of life. i-nrougnouc cne 

advLced screening tests resulting in the selection of 

advanced composite material systems with the highest potential for application in the 
environmental regime established in phase I. 

conduct of extensive mechanical properties testing to develop 

deLerd!L*^^dr^f®^ consistent with standard ASTM methods. The result will be a 
design data guide for use in detailed SPS structure design. 
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MILESTONES 


PHASE I - RtqMTS & CRITERIA 


PHASE II - SCREENING TESTS 


CY 1980 


CY 1981 


CY 1982 
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PHASE III - MECHAiUCAL PROPER- 


TIES TESTING 


!!!!!!!!!l!!!lllllllllllllllllllllll 



• FUNDING 

• FACILITIES 


$150 K 


$150 K 







r 



I 


Rockwell International 

Spac^DMsion 


structural system due to its very low stiffness compared to the rest of the 
structure. However, the effects of the antenna webbing and mass will be in- 
cluded in the overall system model. Both stress and dynamic models will be 
prepared . 

Phase III will be the analytical phase. In this phase, using the stress and 
dynamic models, various loading and thermal profile cases will be run to 
check out the structural behavior of the system, both for stress and dynamics. 
The results will be iterated to determine control properties, removal of 
undesirable dynamic characteristics, the preliminary sizing of the members, 
determination of deflections of the structure during assembly and operating 
life, and the behavior of the structure under rapid changes in thermal envir- 
onments . 

Phase IV will overlap Phase III, using the results of tests which will deter- 
mine the effects of joint connections, material properties under long-life 
conditions, crippling and buckling behavior of long extra-thin sections, and 
other related data; the computer program models will be altered and updated. 
In addition, the computer program models will be used to predict the behavior 
of test articles. After testing, the computer results and test results will 
be compared, with test results being incorpora t^'d into the models. 








SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 

- 

• TASK TITLE CONSTRUCTION EQUIPMENT DEVELOPMENT 


^ Because of its massive size, the success of an SPS (Satellite Power 

aLlvlL^L'^orblt®“'^nn" 'Jl® to accomplish a major portion of the construction 

activity on-orbit. On-orbit construction will necessarily require the early definition 

technology verification development 

activity can be defined and accomplished in a time frame compatible with other phases 

builder is an example of on-orbit construction equlpmLt. 
Almost every SPS study conducted by NASA and the aerosoace Industry has identified 
equipment as being necessary and requiring early development. The 
Jh! ° ““®truction equipments, which may be even more complex than 

beam builder must be accomplished in the near term future. To do this, an SPS 

wm K«y this equlp1:^t'!'' construction scenario that 


• TECHNICAL OBJECTI VF<5 

Identification and preliminary design of SPS oa-orbit construction equipment along 
with a plan for the ground and on-orbit technology development activity. 


• APPROACH 

This project will consist of three overlaying phases. Phase I will consist of the 
development of an end-to-end construction scenario starting with payload modules as 
delivered to the construction site and ending with the completed construction of the 
satellite structure and operational equipment. 

Phase II will consist of the identification and preliminary design of construction 
equipment necessary to support the scenario developed in phase I. 

preparation of a detailed ground and on-orbit technology 
development plan for each piece of equipment identified in phase II. 
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TASK TITLE CONSTRUCTION EQUIPMENT DEVELOPMENT 


ORIGINAL FAGL ‘It 

O 



MliLESTONE SCH EDU LE 


MILESTONES 


CY 1980 


CY 1981 


GY 1982 


PHASE I - CONSTRUCTION SCENARIO' 


DEVELOPMENT 


iDQQQQDDQIQClQDQQQiiQQIEliaEDOQQQDDQiQQia 



PHASE II - CONSTRUCTION 


EQUIPMENT IMNTIFIGATION AND 


PPELIMINARY DESIGN 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


• TASK TITLE 


ATTITUDE & FIGURE CONTROL TECHNIQUES FOR FLEXIBLE 
LARGE STRUCTURE 


» jLySTIFICATION Traditionally the achievement of satisfactory control system/ structural 
ynamic performance and stability has been achieved through the use of analytical and 
ground testing techniques to confirm modeling assumptions and uncertainties. With the 
extremely large, lightweight and flexible SPS structures full-scale dynamic testing is 
precluded. Hence, greater reliance must be placed on analytical techniques and sub- 
scale model testing to minimize expensive dynamic flight testing requirements. The 
different nature of the SPS structure warrants an investigation to define preferred 
dynamic modeling techniques and requirements for new modeling developments. 

figure Control - The requirements for figure control increase rapidly as a function of 
the concentration ratio (CR) of the solar collector. Higher CR»s for photovoltaic 
collectors are desirable to minimize the cost of solar cell blankets. The ^ntrod^..ctlon 
of bending sensors and electromechanical activators are the typical approach to figure 
control. New concepts such as a serai-passive "thermally activated expansion joint" con- 

^ approach for SPS. Simple design techniques to minimize 

thermal bending also warrant investigation. 

MM^ude Control - For SPS new modeling and analytical tool developments are required to: 

1. More accurately represent the flexibility of this class of structure. 

2. Incorporate the dominant disturbances into the structural bending such as the 


3. 


gravity-gradient and the thermal bending excitation which can be the dominant 
control system excitation. 

To facilitate the application of the new developments in modern control theory 
which are appropriate to the control of large flexible spacecraft. 


TECHNICAL OBJECTIVES 


Control - Define preferred structural concepts, passive design criteria to mini- 
mize structural distortion, and rationale for locating structural actuators. Define 
the relative merits of new unique figure control actuators and compare with contemporary 
electromechanical actuators. Define the preferred approaches for SPS, 

Attitude Control - Define structural dynamic modesl for control system analysis that 
accurately represent SPS structural concepts; develop automated computer tools for control 
system analysis; and define preferred control software techniques to minimize undesirable 
dynamic interaction and flight test requirements to confirm the structural modeling. 


• APPROACH 

Figure Control - Define passive structural techniques to minimize thermal deformation and 
alignment techniques to minimize assembly misalignments. Define preferred locations for 
structural actuators, their requirements and alignment accuracies achievable. Investigate 
the design and performance achievable with new figure control actuator concepts such as 
the semi— passive "thermally controlled expansion joint." Define the preferred structure 
and figure concepts for SPS. 

Attitude Control - Investigate the requirements for new structural dynamics modeling 
techniques and preferred approaches including the new disturbance models appropriate to 
SFS (gravity-gradient and thermal bending disturbances) . Develop automated control sys— 
tem/structural dynamics analysis programs appropriate for these higher order systems. 
Investigate the application of modern control theory to minimize adverse structural 
dynamic interaction. Define the requirements for simple technology verification flight 
tests to confirm the modeling. 
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TASK TITLE ATTITUDE 4 FIGURE CONTROL TECHNIQUES FOR FLEXIBLE 
LARGE STRUCTURE 


• MILESTONE SCHEntn p 


ORIGINAL PAQE m 
OF POOR QUALITY 



MILESTONES 


FIGURE CONTROL; 

• PREFERRED STRUCTURAL C ONCEPT 
DEFINED & MODELED 

• PASSIVE TECHNiqUES INVESTIGATE 

■ NEW ACTUATOR CON CEPTS INVEST 
IGATED, PERF. DEFINED 

• PREFERRED CONCEPTS SELECTED 

FOR SPS ^ 


• DOCUMENTATIO N 
ATTITUDE CONTR OL 

• STRUCTURAL DYNAMICS MODELING 
TECHNIQUES DEFINED 

• DISTURBANCE MODELING 

• PROGRAM DEVELOPMENT 

• ADVANCED CONTROL TECHNIQUES 
INVESTIGATED 

• PREFERRED SPS TECHNIQUES 


SELECTED 


• DOCUMENTATION 


■■■ 
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RESOURCE REQUIREMENTS j FY 80 

Figure Control 100 K 

• FUNDING Attitude Control 75 K 

• FACILITIES 


FY81 
125 K 
100 K 


FY82 
65 K 
35 K 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


* TASK TITLE 


SA-6 ELECTRIC PROPULSION DEVELOPMENT 


• JUSTIFICATION The '76 & '77 SPS study effort clearly established the desirability 
of high performance (Isp S 13,000 sec.), long life, low cost electric propulsion for 
use in the SPS Attitude Control & Stationkeeping Subsystem (ACSS) and for the Electric 
Orbit Transfer Vehicle (EOTV) . 

Performance ; The high performance electric propulsion for the EOTV was found to result 
in very substantial cost savings relative to a chemical OTV. For the SPS spacecraft 
the stationkeeping & attitude control functions were found to require high performance 
propulsion in order to prevent very large propellant resupply costs over the satellite 
lifetime. 

Thruster Life ; The currently estimated argon ion thruster lifetime of 5000 operating 
hours will result in large cost penalties for thruster replacement and/or refurbishment. 
Techniques to extend the lifetime of the thruster grids so as to minimize the overall 
cost (initial plus servicing) should be pursued. 

(Check against EOTV Task) 

Thruster Power Processing : Traditional electric thruster power processing electronics 

are quite massive and expensive. Techniques to utilize relatively raw power from the 
solar arrays and simpler control electronics to satisfy the thrusting requirements of 
the SPS spacecraft application require further investigation in order to define reliable, 
low cost power processing techniques equipment. 

Cryogenic Propellant Storage ; The storage of the argon propellant as a cryogen (rather 
than as a gas) will appreciably reduce tank mass and transportation costs for propellant 
delivery. The cryogenic propellant storage systems require durther design analysis to 
aef ine pref erred, de sign concepts. 

• TECHNICAL OBJECTIVES 

1. Define thruster design parameters, servicing requirements, power processing 
techniques and propellant storage design techniques to minimize the overall 
electric propulsion subsystem costs (hardware plus propellant resupply costs) 
for the EOTV & the SPS satellite RCS. 

2. Confirm the performance & lifetime characteristics of the electric thrusters 
with ground based testing. 

3. Develop a flight demonstration thruster for flight verification of performance 
and lifetimes. 


• APPROACH 

1. Perform mission requirements analyses and cost optimization studies to define the 
most cost effect thruster subsystem design parameters. 

2. Perform preliminary and detailed thruster designs for ground and flight verification 
tests. 

3. Perform ground and flight tests to confirm the thruster performance and lifetime 
characteristics. 
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SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 


TASK TITLE SA-6 ELEGTRIC PROPULSION DEVELOPMENT 


• WlllLESTONE SCHEOULE 


MILESTONES 


MISSION REOUIREMENTS ANALYSIS 


CY 1980 


ORlGliNAL iw) 

OF POOR QUAr.ITY 


CY 1981 


GY 1982 



LAB TEST COMPONENTS GOMPLETE 



LAB TESTING COMPLETE 


FLIGHT TEST UNIT COMPLETE 


11111111111111111111111111111111111 
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g, TECHNOLOGY TA SK PLAN 

• TASK TITLE ^S TRANSPORTATION SYSTEM - MULTICYCTf ATonotAm ^ “ 

COMPONENT DEVELOPMEN T ^^^^REATHER ENGINE SYSTEM (MC-ABES) 

• JUSTIFiCATinN . 

all program cost. ^The'^davelopm^rorrsiSitabL ^ contributor to over- 

fully recoverable/reusable horizontal MC-ABES could meet the needs of a 

reduce overall SPS transportation systems «st“ '‘‘■•asCiaally 


> technical OBJEnTl\/Fc ' ' 

rr “r””” "* 

will be at the labora?or“o‘r "breXoard""Lvel“'’® Components or subsystems 


• approach ~ 

Develop/adapt MC-ABES cvcle 

analyses, synthesize a MC-ABES capable \ f^nrovlL ‘ computer 

ance. Conduct performance sensitivity atalyslt'^tnd tn® perform- 

components requiring technological de^eloomenr ^‘^«‘''=lfy critical areas and 
design, development and test plans and remt-f * i^epare component and subsystem 
breadboard model testing to the "vef re u\reT" laboratory and"/or 

ase to assure the successful design/develoDmpnf- ? necessary technological 

prototype. The design and developLnt of thr^/^f- required flight hardware 
task. Prepare a preliminary "MC-S"tpeflfjL“tn!”' °i this 
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TAS'< TITLE TRANSPORTATION SYSTEM - MULTICYCLE AIRBREATHER ENGINE SYSTEM (MC-ABES) 

ANALYSES AND COMPONENT DEVE LOPMENT 

UKIGINAL PAUb' io ^ ” 

MILESTONE SCHEDULE OP POOR QUALITY 


CY 1980 


CY 1981 


MILESTONES 

J 

R 

M 

A 

M 

J 

J 

A 


0 

N 

D 

J 
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M 
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J 

A 

S 

0 
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0 
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AUTHORIZATION OF PROCEED < 
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DEVELOP /ADAPT COMPUTER PROGRAM 
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SYNTHESIZE ENGINE CYCLE REQMTS 
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ENGINE SIZE/PERFORMANCE DATA 
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PRELIM. ENG. INSTLN. SPEC 
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COMPONENT DEV. /TEST REQ'MTS 
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COMPONENT TEST PLANS 
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COMPONENT /SUB SYSTEM FAB 



































1 









3 


































1 



1 


COMPLETE COMPONENT TESTING 
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final report 
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CY 1982 


NOTES: 


• RESOURCE REQUIREMENTS | FY 80 1 8^ 


FY 82 


250 K 


1.25 M 


• FUNDING 

• FACILITIES 


NONE 


NONE 


SPS SUPPORTING RESEARCH & TECHNOLOGY TASK PLAN 

— testi ng 

• JUSTIFICATIOm 

£.dvantageously) If refurM^h” system can only operate efflclentlv ( 

done at LeRC that thrwtert^r? can be flnlmLed It'"'"”'’® 

excessive deterioration ^ modules can be designed that „lUn^ ^ f>^om work 

sets. The grldrin -^^f^rbllhmenr »“hout 

periodic refurbishment ^ P°®^‘dve Ion bombardment etc accelerating grid 

• technical hr IFrjiypg " ^ ^ ^ 

■ .... ... ,, . i 

. =“ ."Er- 

. s:s “T ““•" •“• ■“"“•■ — - 
Ei." ~ '■«E^r;;.%rss.r.™' 

• Oeslgn and build a lab ^P“lator arms or some other 

on, deterioration ratn.’ e^! effectiveness of beam 


approach ' 

ths task of thp ■m^ -f 

operating characterlstlcr “olysts to determine the preferred set o« ti, 

bSt BO^nn’ ““es'({EO tolEn^GEl tfim 

EOtV trip. output, .nn.all.f cyuf^a.f “!!! *olut 

cost and to f^p^^on I. S^oss scenario In order ^ 

requirement Mml^lin^rLlys^n inn® '=° °verlap with the 

associated with URC „in employed nntxclpated that the facilities e^ expertise | 
mighi bTheid®in:Lc‘'®n’^“n be removable from the front F 

r pin liiurEhirnrr^^^^^^^^ "" 

i.e.p replacing the e^eiel g^d^fLi T®' ^""'"'ne the problemif rifurbi h“" 
antxre group of grids should LleXJ eTainItf“'“®'’®" '^feribly a„ 

done at LeRc!’®ierniatii®orthrusi‘'b®"‘‘ of an actual thruster will 

disiribii; 
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